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‘TETRAPODS AND OTHER PRECAST BLOCKS FOR — 4 
A. M. A ASCE, and R. Dimi? 


; ie tetrapods were first introduced about ten years ago. The authors briefly ae 
a sider the problems arising in the design, manufacture and placing of such blocks. by 
est Consideration is then given to the problem of utilizing precast blocks on ~ 
a breakwaters. Attention is drawn to the great number of factors that have to be - 

= into account when designing a a breakwater. Serious difficulties may be 

4 encountered as aresult of neglecting or the of any 


of the roblems referred to. 


a field of | coastal structures, which was a branch of engineering, that ‘seemed 4 


3 be somewhat set in its 's design outlook. In so . so far as” embankment breakwaters 


2 a -Note,—Discussion open until .—— 1, 1961, . To extend the closing date one month, 
written request must be filed with the Executive Secretary, ASCE, This paper is part 
Ba of the copyrighted Journal of the Waterways and Harbors Division, Proceedings of the oe 


American Society of Civil Engineers, Vol. 86, No. Ww 3, September, 1960, ae 
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made it impossible to use natural rock. Then, suddenly, about 1950, a 
e of facing block was produced which became known as the tetrapod. The 
a ae sign of this block was such that a large reduction in the cost of structures could _ — 
aul a. ___be forecast, amounting to as much as 30%, in some cases. The fact that tetra- [im 
— 


; that the claims made for this block were not unfounded. Neha : 
More recently, other blocks have appeared, among which the tribay 
United Gates, the stabit in England, and the hollow block (skeleton tetrahedron) ‘ 
Japan, can 1 be ‘mentioned d (Fig. 1). ‘This progress i in | the field « of coastal set ll 


pods have been used on an increasing ‘seale « ever since would seem to indicate 


oan it may be opportune to review these new techniques, which can leadto such a 
high hopes, and, sometimes, to disappointment. Some of us are amazed that the = 


FIG. 


“structures, as the price of such structures is | still very high and any error in 
the early stages can lead to the most serious | consequences. _ From the finan- 
_ while from the harbor traffic point of view protection provided for the. —— 
installations and shipping may prove to be insufficient. In addition, error in de- _ 
sign may lead to the loss of human life 


cial point of view, it may become necessary to rebuild or repair the structure, a 


— 
method 


iton a of the concepts involved in con- 
2 _ siderations will be reviewed to show the difficulties that may be encountered — 
“ Bc and which have to be solved before undertaking the building of a structure “a 
treating the special problem of block design within the general problem 
e Be the yi and building of the structure, it is hoped to draw some a 


of coastal structures lies strides that have been made over 
ef the last few years in hydraulic investigation methods, and especially in the use a 
-Itis always very difficult to try and observe the behavior an actual structure 
a storm. It is almost impossible to try and measure block movements 4 
_ and record pressure variations, both near and withinthe structure under these a 
_ circumstances, and one usually has to be content with inspecting the state of 
2 “3 ae before and after the storm. It is usually out of the question to 
- adequately measure, or estimate, the characteristics of the storm itself. How- q Z 
ever, our knowledge of the sea’s behavior has greatly improved, especially as 4 ; 
= regards 1 methods of forecasting w waves from meteorological data. ' These met _ 
are anextension of those during’ World War in connection wi 
_ At the same time, a great deal of work has been done in the analysis of wave 
phenomena. and the changes that take place near the shore and around coastal 
_ structures, as well as in the analysis of the forces acting on the facing blocks. — 
‘The invention of the test flume wave filter, by Mr. F. Biesel, in 1947, made it | 
_ possible to. investigate hundreds. of structures in the laboratory with standards a 
ft of — ee scat and with a saving of time and money, never before © 
With this knowledge of natural phenomena and with more modern 
methods of research, test establishments have been able to analyze the behavior 
i oe of orthodox structures under wave attack, and discover the deficiencies of th~ 
7 _ then current types of block. ‘It was then logical to find out what the basic require 
a7 ents of an ideal facing v were and consequently develop new block designs. ‘The 


applications. ‘Further development i is leading towards still more revo- 


Therefore, it is due to the hydraulic laboratory that such rapid progress nas 


been possible in the field of coastal structures, after so long a period of slow — 
4a developments. This is especially true as regards the design of the new blocks — 
F that have appeared. Indeed, it would sometimes seem that the basic part played > q 


_ hydraulic aspect of the problem, and to be satisfied with a block that gives satis- 


i 2 the specialized hydraulics engineer has ledto atendency toonly consider the . 
factory results when subjected to model waves alone. 


are other questions involved, including the full-size manufacture of the ene 
oa placing it ona real life structure and making it perform satisfactorily over a 
_ considerable number of years. Such practical questions as manufacture, handling ; 


and placing, m mechanical and corrosion resistance are are problems which, 


ab 
: 
4 
= 
— 


‘if ignored, would soon justify theo opinion whoc consider these innovations 
to be nothing more than laboratory toys. 
_ The tetrapod block is givenas an example of various problems encounter 
uring development of the various blocks and how these problems were ove! 


Hydraulic Problems.- —The authors will not dwellon the hydraulic consider- 


ations which led to the tetrapod shape. Suffice it to say that once it was realized 
re 4 that a shape having a central hub with a number of projections would give con- 
B siderable improvement over all other known shapes, it was then possible to > 
a periment with the number and shape of the projections. The hydraulic tests | 


— aes that there was an advantage in lengthening the projections in order to 


“the energy dissipating efficiency of the facing (Fig. 2) 
ee However, at this ‘Stage of development, hydraulic considerations ceased to F 


‘the tetrapod was arrived at through a | strength of materials considerationrather 


Mechanical Strength.—The important problem in isto 


é ee are made of the same material, bios will occur for the same fall ody 


irrespective of the block size. This law was confirmed by tests carried = on 
295 tetrapods ranging in weight from less 
| 


— 
— 
joned. In fact, it is no 
| — - 
— 
lacing, suc faras — 
t after p istics. As far 
vemen cteris aking 
ssible mo draulic chara dup with breal 
placing and also” e likely to design | Joand bis 
susta block is concer! and also to fu ‘If ais the ; the fall energy — — 
s in bo s for ru ith the s ime of rup tratio 
me tests ilitude law blocks wi io at the tim ing momen — ala 
he simi io for two ment ratio a opposing 
— fT Uo for two t en ; the — 
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einforcing, by drop tests on to a rock cae highly reinforced concrete slab ae 
nd, finally, on toa concrete slab with a varying ape of water cushion (Figs. a _ 


— which can be summarized as follows 


2. a non- tetrapod dropped directly 0 on toa highly reinforced 


concrete Slab, fractures were observed with a siretp” height of a little over | 4 = | 


1, During handling on the site and laying above or, more especially, below ws, 


- the water level, it is most improbable that a nonreinforced tetrapod will break a 2 


4 
d from 4 ft on 
— sla 
1 the most cas a it invlves a sho 
OF all os pared with the nor ty margin. 
practically it will be see 


mber, 


‘Septe: 
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"TETRA 


locks move when the first storm | occurs, ve “4 
- finally locked themselves together, there is no chance of breakage: as quek move- 4: 


’ — occur under water, and are, in any case, of small amplitude. ict 


oy the sea water, so that the tetrapod would not only eventually break into — 
pieces, but corrosion w 


These have by site exper ence and, with some 
E 66, 000 tetrapods actually placed in many sites inthe world, breakages have been _ 
Manufacture and placing.- —At first sight, the tetrapod shape appears compli- 
Be cated and would seem to offer some interesting molding problems. However, Fg 
“a ou there are actually only several possible solutions. A number of molding methods » 
been used but only two pare now carrently used a and these are de- 


fies handling of the molds since it is sonly necessary to disconnect the two halves, ; 
which are joined by : afew clamps, and lift off the top portion. _ Practically 
i | = however, there are a number of difficulties involved in doing this be- 


and also to pullit off progressively enough. The result is that the 

ion , which has only been set for 24 hr, is subjected totransverse and tensile | 

(3 loads. Small cracks were frequently observed, and sometimes, pieces, actually Z 

a broke off. This was 3 remedied by using small screw-jacks to start the mold — 
: Ps lifting operation. However, it seems that this additional operation tends to de- ~ 
tract from the advantages of ease of with the two- 

ig The second and mostcommon method i in “a anion the use ofa mold built 

up from four identical sections, joined by lever or screw clamps. The complete #4 


~ such that it actually expands slightly when iti is filled with concret as 
is . additional work i is involved in taking off the greater number of clamps, there is 


prresirciner no risk of cracks forming in the relatively fresh concrete and, at the % 
same time, the lifting eye becomes redundant. = | 
3 No steel at all is used for reinforcement or for lifting eyes. . Corrosion is 
no longer a problem and costs are reduced to a minimum (Fig. 8). " ies 


aps Tetrapods are placed by means of a sling and a simple auxiliary cable ar- _ 


"releasing the sling once the block is resting on the structure. The 
such that it cannot open under load, thus an additional safety factor 
Asan indication of the ease with which be handled, site. experi- 
: ay _ ence has shown that lifting a tetrapod from the bottom mold takes ages 1 et 


cr 


— 
— 
2 
— 
— 
ar 
— _ After drying for a period of from 48 hr to 72 hr, according to the size, the — hae 
tetrapod is lifted out of the bottom mold by means of a special sling consisting q 
a gf three plates, that rest against the ends of the base legs, and are joined by a q s 
| 
} 
= 
4 
; 
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every 3 mins . These questions of block ‘strength, manufacture, and placing have ee 
4 been treated i in some detail i in order to stress the importance of these} problems Pr 


‘The most essential factors are to have ablock (a) that is sufficiently strong 

- to meet the conditions under which it is to be used, (b) that will not corrode, ra 

that is easy to manufacture and place, and finally, (d) that is reasonably priced, eS 
in allof whichthe very best hydraulic design plays not the slightest part. As = 
the tetrapod | is concerned, although hydraulic considerations were 
hig 
a not be considered as being of secondary importance. 


All this appears quite obvious if one stops to think seriously of what is involved 


the construction and durability ofa coastal breakwater. e Unfortunately, the a.” 
general enthusiasm resulting from a new discovery can lead to certain a 
being overlooked . Newly invented blocks have often been proposed for general 
application, in spite of the fact that only very few } hydraulic tests have been — 
_ carried out and the other aspects of the problem have been ‘completely over- 
= . Like so many other problems, the design and development of anew type 
¢ is basically aquestion of finding the best att after a 
Be It is not surprising that the ideal design is not as easy to find as many of a 
would like to think. Even when a block has been produced that satisfies the hy- | 
draulic requirements, the strength of materials ‘aspect é and the 


breakwater was a vertical jetty whose design fully complied with moderns stand- 
ards, and according to the waves for which it was designed, it should have stood a 
up to this storm without damage. When dealing with a vertical breakwater, full __ 
design computations are possible including an accurate analysis of the forces _ 
acting on the wall when it is subjected toa pure wave. 4 
In actual fact, at Genoa, it is socal’ the structure was destroyed by E 


changed between the beginning and the end of the storm, so that ‘wave trains with e , 
“different, periods and directions s converged on on the breakwater; the resulting inter-— 
- ference produced a system of breaking waves, so that the vertical wall was sub- _ 
_ jected todirect impacts with pressures considerably in excess of those for ich 


‘it was designed; Photographs showed columns of water eatin 300 - hig 


lasted about 10 hr, 1 estroyd 
On February 19, jenoa Harbor was completely destroyed — 
000 ft of the main breakwater protecting built for the most part with 
20 e vertical type, built 
— ete blocks. xplosion of a cargoo 
#00 ton concrete blocks. was the explosion of ; iii 
The immediate result of this as well as a certain amount of 
= board a vessel anchored was able to isolate and repair — 
— r Au flow again The Cop — 
— 
— — 
total reflexion effect expected of the breakw 
lations. Unfortunately, the — 
— 


id "ment structure is involved, where the mathematical analysis of the forces in- 
7 volved is at the most, very incomplete. Here again, scale models can be a g grea ue 
‘ help to the engineer by giving a general result where analysis is impossible. a ; 

ar By this means, the stability conditions for a facing of given characteristics _ 
ee can be determined and, be e general tests on facing of simple form, characteristic 
curves for the facing, when built with the particular blocks in question, can be | 

rs compiled. However, it is insufficient to consider the problem solved, cana ae 


by knowing the four parameters corresponding to a point on the stability curves. 


the slope of the facing, 
a Actually, systematic te tests on facing Stability are generally carried out under — 
_ the structure sited in very deep water, the facing extending well down and con- | 
tinuing above the maximum height reached by waves on the structure. 4 
more general nature a 
and enable comparison to be made with other facing However, the 
_ problem becomes a greatdeal more complicated when all the other factors in- 
A... ey volved | with an actual structure have to be be introduced, including in particular; . 
(a) tide, (b) the possible rise in the mean sea levelas a result of local depres- 
tm sions, or water build up at the coast as a result of wind, (c) the wave character- 


istics, (d) the water depth and the sea bed contours, which will determine the = 


‘oa ay possibility of wave ‘concentrations, (e) the type of sea bed, and the problem of 
the structure’s foundations involved therewith, (f) the meteorological cate 


over the whole wave generation area, indicating whether any catching upor con- 
centration effects are likely, as was the > case with Genoa, (g) the chief eee: 5 


of the structure and the degree of ‘protection required, including such thing as — 
the stillness of the water, the overtopping Emit, the limit for ‘slight dam- 


* ' building conditions on land or in water, according to the number of days an. 
_ the sea allows work to be carried out, (j) the existence of provisional harbor — 
structures, to protect construction work, and (k) the presence and possibilities g 
a local quarries. This is byno means a complete list, but it is quite sufficient 
_ to show that combinations of these various factors can lead to analmost cacaeael 

For each particular problem, therefore, the ‘question is to adapt the theo- 
retical solution arrived at in the laboratory, and it is more than likely that the 

a form of the covering, as well as the unit weight of the facing blocks, will 
differ quite noticeably from the characteristics | that could be. directly deduced 


The case of two structures that have recently been investigated | and built will ‘ 


care be making u use of the e general r results. ah 
P= a At Crescent City, California, the structure involved was built out to: sea where > Eves 
. The structure is subjected to very high waves, 
26 ft, though | a fair amount overtopping is permissible once the waves 
reach a height of about 20 ft. Fig. 10 shows the section of the structure com- if 
5 pared with the section used during the general tetrapod investigation. . It will a 
> seen that there is reasonable similarity over the lower ‘portion but that the ‘6 mi 


simple conditions with any peculiarities avoided as far as possible, that is with ‘3 a 


= 
me 
— 
| 
; 3 
— 
a 
— 
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in that the genera stability is he ped by the fact that some of the energy passes 

~ over the top of the breakwater, and also disadvantageous, in that the crest has - 

to withstanda horizontal shearing action. The arrangement of the he upper blocks ee 
< is and the vertical quay, which | prevent scouring by | the overtopping waves, solved a 

ae The 25 ton weight of the suoee blocks | is } less than | that given by the general ’ 


a appreciable part of the energy of large waves to pass over. However, the % re 
ei difference in weight is small, since the two sections are not so very different 
in their lower portion, and, as a result of this, the transformationof waves that 
_ overtops the structure is of the same type in bothcases. —t™ = 
Qn the Marine Drive Sea Wall at Bombay, India, the problem is quite different — 
because it involves the reinforcing of an existing structure. This structure basi- = 
oo consists of a vertical wall, sited on a rock embankment. Over a length of 


oF 


ment blocks. The structure is subjected to the full force of breaking monsoon e.3 
waves, as well a as } to a fairly “large ri rise in the sea level in the event of a storm. oan 


i “thetic reasons, but overtopping had, nevertheless, to be suppressed. Page! —— 
_ Tetrapods whose size was 57 cu ftwere put forward for this application oo 
‘ it: was considered that waves would not exceed 12 ft. According to the ieoneel + 


“curves, however, 39 cu ft tetrapods should have been sufficient. The actual sec- 
- tion of the Bombay structure, superimposed on the general test section al a 


shows: the fundamental differences which exist both in 
ae Lighter blocks were used for Crescent City than would h have been chosen if 


: 
ae 
everal thousand feet, the structure forms the pro — 

if 
— - 
— 
in B ading animportan dwav anda number of large anart q 
— 
‘ 
— 
— 


Technical personnel have too for examining an overall prob- 
. lem in a sufficiently disinterested way and for a sufficient length of time. Eac 


_ one is bound by his particular specialized field ‘and naturally has a tendency to t 


— 11, —BOMBAY, INDIA SEA ‘WALL 
— development new is much more thana matter of pure 
in a laboratory. ‘Strength of materials, corrosion, manufacturing and 
placing considerations, and methods of applicationare allfactors that cannot be — 


hs ‘The design of the block shape, and the hydraulic developments of the saline 

is only the first steps along the road which will end with the placing of the last 
block on an economically produced structure that meets the particular require- — 

_ ments demanded of it. To overlook one aspect of the general problem can lead 

to the: most serious consequences. Just how largea problem the design of a new 

id block is, and what a tremendous amount of research and development work _ 


— been a ri ld be quoted, ver looke — 
=e in- 
tors are i 
ise, or when mu 
once complex q 
— 8 
ic 
— 
ae. . 
— J 
— 
— 
a 
| 
it is unlikely that it 
— breakwaters doesn 


o general case, and, even, in ‘of industrialization, the design a and 
construction ofa 4- mile- - long coastal breakwater remains WORE 
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WATERWAYS AND HARBO RS 


Proceedings of the American Society ¢ 


of the River and other parposes poses 
especially difficult problems on account of the quantity of sediment carried. 
4 revised concept and plan based on relationships between slopes, depths, and ‘a 
of contracted results in the elimination ‘ofthree dams and sav- 


: 3 — most recent of the great new inland navigation systems to be initiated. the ; 
i: entire system is estimated to cost $1,201,000,000, including flood control a 

power features. Itis estimatedthat this system will eventually | carry 13,000, 000° 

_ tons of waterways traffic a year where now (1960) none exists. The Arkansas 
=. River is unique in the difficulties it presents. . Although it carries a heavy load 
* sediment, its discharge and slope are not suitable for open channel 1 naviga- 
: Won such as is ‘under construction onthe Missouri River. Locks anddams mus 


be utilized to obtain navigable depths in the Arkansas River. = ~~ 


Bik ee Large reserv oirs now under construction willr retain a large part of the sedi 
— ment load, and on the main stem a combination of locks and dams and channe 


stabilization works willbe needed. The final plan has been outlined onthe 
_ of computed relationships between the energy slopes and depths, and the width f. 


of contracted channels. * This plan represents a new concept of rive ‘develop-— 


_ Note,—Discussion open until February 1, 1961, To extend the closing date one aaah, 
a written request must be filed with the Executive Secretary, ASCE. This paper is part © 
_ of the copyrighted Journal of the Waterways and Harbors Division, a of the 
American Society of Civil Engineers, Vol. 86, No. WW 3, September, 1960, en 
a Brig. Gen., Div. Engr., U.S, Army Engr., TS: Dallas, Te 
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fit the. extension 1 of inland navigation. 


‘THE OVER-ALL PLAN 


f the ‘Ar ansas River wi Ihave as its principal bene- 


In addition, , however , full advantage 
% ae taken of other objectives. _ Three main reservoirs in Oklahoma will largely re- 


I gulate the Upper _ Arkansas and its principal tributaries, providing flood con 


trol, hydroelectric power, and regulation of flows for lockages. . An essential 
function of these reservoirs is to retain the sediment which originates above _ 


these points. The two largest of the navigable main stem dams have sufficient — 
to generate hydroelectric power advantageously and will withhold f further 


amounts of sediment. characteristics these se larger projects 
are indicated inTablel. 


ower ‘ 
Installation 


Dead Stor, 
& Sediment 
Reserve 


| Under Constr. 


Under Constr. 
Under Constr. 
Not 
_| Under Constr. 


The of the plan wit 


000 Kw | 

110,000 

124,000 KW 


which this paper tie 


Other Usable 


| 


1,454,000 | 


39,200,000 
2,951,000 


141,000,000 


01, 000,000 
94,600, — 


is 


river downstream from Dardanelle to the point known as Arkansas Post, where a 


through the favorable ‘channel of the a d 


ly alluvial, ‘flowing: over of its own sediments. 
oes The sediment content, , averaging 100,000,000 tons annually, will be drastic- 


ally reduced by the reservoirs. 


oP 


The average annual sand k load of 30,000,000 
tons will be reduced to an average of about 2,000,000 tons annually at Dardanelle 


channel and contraction program will be constructed, 
» 


= 
| Nones 65,000 — 
Dardanelle 
— no 
— 
— ite 
acent: 
ng 
Arkansas River will have original length. There 
a This section of the Arkans: 27 miles less than it or tributaries have very | 2 Sa 
— hannel. This and the minor tri iations in 
my its improved ch utaries along this reach a r mile, and the variations in a s ae 
3 ‘are ao major tributar averages 0.8 ft pe kahly uniform 
iment content. Slope flows alan — 
“ea 


cut- otis, 2 pile and rock dikes. Physically this work closely re- 
Ps sembles similar work on the Missouri River, with sinusoidal trace and gener- By. 


Tu At asi a 

es The or original plan, as revised and brought up to ‘ain ieteeiienathrhiniaih 

} plated a series of locks and dams superimposed over the rectified channel and 

_ interferring with it as | little as possible. . After earlier consideration of larger af 


numbers of dams, eleven were planned in this portion of the river . Further 


Savings in construction costs could, of have been by further 


wy DARDANELLE 
gt 

OF 


~ 


ARKANSAS 


OKLAHOMA _ 


to which pools could be raised without adversely affecting drainage and 


es hata ocr or r waterlogging too much agricultural land - It was realized that the 


a bed would ultimately ‘be lowered by degradation p processes, but these 
rocesses are relatively slow and were not relied on to increase navigable at 
These studies were adequate for initial purposes; however, +, after construc- =i 
tion funds were appropriated for upstream reservoirs and, as more planning 
‘funds became available, an intensive system study was carried on to develop Ss 
= system concept of structures and basis for design. Although none “9 
_ of the structures involved seemed to present any particular difficulty in them- _ 
selves, it was apparent that the sediment problem would profoundly affect cer- aa 
- tain design considerations. . In particular, ‘it appeared that by taking full advan- =, 


— 


tage of sediment characteristics of the river, it might be possible to o eliminate 2 


ral a more of the dams, in spite cf practical imitations on | pool elevation. — in 


| 
a 
mL 
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general program of sediment observations had been ‘conducted over 


tem planning v were ile. a great deal of data were already ceatiedie. 

Also many preliminary studies had been made. To assure an adequate scien- 
bi - tific basis for final studies, an Arkansas River Sediment Board was organized, - 
consisting of Messrs. L. G. Straub, H. A. Einstein, and D. C. Bondurant, , to re- 
_ view work that had been done by district staffs and to outline further studies, 

- data- -gathering, and tests required. In 1959 a large scale movable bed model 
was” constructed at the United States Army, Corps of Engineers, Waterways © 
5 Experiment Station ,Vicksburg, Miss., and tests carried ¢ on to determine sedi- 

; - ment carrying characteristics of a regulated channel under various conditions 
= contraction, and with reduced slopes. Intensive analytical and design studies — 
' were also” carried © on, particularly by the Little Rock District, ‘Corps of 


‘ a of low. ~head locks and dams forming navigable pools, 
Be if the upper end of a pool is excavated deeper by dredging, but also cites 
3 an appropriate amount, it will maintain the greater depths, with a somewhat 
flatter water surface slope than unaltered sections above and below, but with Z 

he same total sediment carrying capacity. . By this means a dam of a given — 


elevation may extend reliable navigable depths miles” further upstream and 


- The problem was to find ways to apply such a concept quantitatively with suf- 
ae ficient oe that re million dollars could be staked upon | the outcome. 


ee fewer dams of limited height will extend navigation over a given reach. Te 
F August, 1958, investigations were begun into the realization of this possibility. e 


Sediment is a field governed by very im- 
erfectly understood. Available literature presents only general guides that. 
: -= apply to this case. Fortunately, the range of conditions to be covered © 
| for the purposes of this analysis is quite limited. Absolute results are unim- 
is only the relative sediment carrying capacity that is involved, as 
between ‘consecutive reaches, with differences of slope not over 20%, coupled _ 
_ with differences of channel width not over 30%. As between two adjacent sec- ee 
tions, most st other | will either be identical o or can b be 
 Froma study of allreferences by checking with observed on the 


principal tributaries, oo, decided that the approach would be concentrated 


bed. was the amount of bed material load could 
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RIVER 
erial load, is the w width of channel, 


in n which Qs quuates the — y of bed mat 


“approach by H. Rouse.2 
‘It was found that within the range of larger the no. of Eq. 
on the Arkansas showed value of X generally between 2.5 and 3.0, for example, 
bo 2.8 at Little Rock. - However, , values were taken from experience curves, , such 
as Fig. 2, applicable to the reach in question. 
a check a comparison was made with available “ regime” eesti The 
7 origin of this theory is entirely « different from that of other sediment transpor- - 
tation doctrine. However, since such theory is expressly concerned with de- 
sign of canals of different characteristics that are designed to transport the 


same proportion of sediment from end to” endof a network, the problem i is part- — 
tempted on the Arkansas River. Direct appli- 


re 
a ly analagous to what is be 
cation could not be since regime canals have 


a 


ive 
between depth width w An in terms of t the D 
relationship was made of a computed regime system, 3 on the assumption ; 
sediment discharge was intended to be proportionate to water discharge inthe 
a main line and all branches. It was found that design discharge in channels of 
various capacities cited varied directly with (D Therefore, would 
(Pear that regime theory is closely consistent with the basic criterion of sedi- 
_ Design was initiated on the basis of a flow of 130,000 cis, which was con 
t sidered typical of the higher fl flows at which most of the sediment will move 
ith a normal contracted channel at a ‘slope of 0. 8 ft per mile this discharge 


WwW 


3 “Regime Behaviour of Channels and Rivers, * Blench, | Butte worths Scienti- 
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ment load and any other width of the channel, the pens sediment trans - 


Br port capacity per foot of width can be computed. From Fig. 2, the value of DS a 
Tequired to move that load is obtained. Average depths and slopes are then 
"readily computed using normal hydraulic relationships. . Navigable d depths to — 
be expected from the characteristic flow conditions in sinusoidal regulated — 

channels were derived from mean depths on computed channels by empirical © 3 


computations we were re somewhat more than previously in- 


: _ pool prior to computation of conditions resulting from additional contraction © 
and excavation. Fortunately, only relative effects are important. If the total | 
_ sediment carrying capacity of the more contracted sections is equal to that of — 


vy the less contracted sections, actual absolute values of sediment carrying ca- 
- pacity are irrelevant, , so long as they exceed the load delivered at the head of 


_ the system. _ Although the previous explanation is given for a single discharge é 


af of 130 ,000 cfs, , analyses for a range of discharges, up to 440,000 cfs, were con- 
EQUILIBRIU 
‘The thus designed are ‘not equilibrium In fact, aggre- 
"gate future bed scour can be approximately computed. | Starting with greatly 
reduced sediment below Dardanelle, the river is expected to “pick up”, 
stantially, its full sediment load near Little Rock , Ark., 
- gation. This would amount to some 28,000,000 tons’ annually, if pools v were not Bs 
held up during times of low and medium flow 
NE No formal computation has been made, but it i is ¢ apparent that average b 
; scour on the order of . 20,000 ,000 tons annually is to be expected for a numbe 
of years. Initially, this will be most intense at a short distance below Darda- 
_ nelle and of little effect as far downstream as Little Rock. More severe scour 


will occur progressively downstream, because natural armoring 


& arrest the scour in upstream reaches. As degradation progresses, finer par- 


ticles of bed material are removed first, leaving a higher proportion of coarser 3 


dy Design of structures will have to contemplate severe pda even be 
low Pine Bluff, Ark., although a good many years will elapse first. Banks — 
_ of course be adequately. protected, allowing for future | degradation which would 


undermine shallow revetments. Dredging is | necessary to provide adequate =. 


| 2 depths for the initiation of navigation, since degradation might otherwise take 


Only 


= years to reach the same depths. aS 


halted. “The slope itself would never be flat enough for equilibrium otherwise. a R. 


_ The reduction of D S values corresponding to reduced sediment availability be- 


a reauction 4 


— 
~ 
— 
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— — 
portions of the 190 miles of river in question. _ Therefore, the antici- 
ed conditions of the uniform eoulated channe) had to be computedforeach 
— 
| 
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ing more resistant to scour, allows no more sediment to be removed than the 
4 amount coming down from upstream. At this equilibrium condition the expos- a eae 
ed Surface of the bed is characteristically covered or armored with a layer of 
ima 
wae 


a 


RIVER 


creased at tnat slope for a given Of course a reduction 


= as greatas 50%(at high s stages) cannot occur over a great length of river. 
Past experience elsewhere and studies of gravel occurrence in the ay 


ieee that the equilibrium reached will be on the basis of a coarsened bed 2 q 


a 
ae, the closing off of practically all sediment flows on the Red te at 4 
ais Denison Dam would theoretically entail a greatly reduced equilibrium slope __ 


many miles below. Actually degradation | proceeded fairly rapidly until 


ter levels at normal stages had been reduced at about 6 ft. a The control isa a 
ith 


One of the corollaries of the new concept is that the navigation ‘dams must 

- designed to withstand a head of several feet at high stages. Originally, it F 

6 had been expected to design them like the Mississippi River dams above St. ; 
a Louis, which pass flood flows with th only a swell head of 1 ft. However, with a 
eral 
a given degree of roughness, and a a continuing | process of degradation, there is 
no way in which the fall of the river can be compensated for other than by in- 

_ creasing head loss at the dams themselves. The planned excavation below | each 

dam will the of this head loss, despite the 


as possible alternatives. In Table 2,a comparison of Case 


wae 


tended 3. miles upstream. consideration of cases IIA 
IIIA shows that the pool could be extended much further upstream, as much as 
11.5 miles, by more extensive dredging, altering t the basic slope of the lower oa 
<j section of the pool as well as the upper, more e contracted section. eee 
for these latter cases the head on the dam itself at high stages willbe increas - 
ed to as much as 4.35 ft, which is greater than desirable. ee Moreover, the 
. amount of dredging involved, over 19,000,000 yd per pool , is very great. : Ap- 
4 "parently, the most economic solution in this series of approximations is Solu- a 
: _ tion IIIB, which resembles IIIA except that the water surface upstream from 
m ek the dam is is allowed to be raised an extra 0.7 ft with a consequent raising of the eS 
- design bottom elevation at points above. - ‘This solution produces 6.9 miles of 
extra channel, and requires only 6,800, 000 ydof dredging. The head onthe dam ha 
2 slightly less than 3 ft, but it must be noted that v water surface above the dam _ 
is raised 1.5 ft. ‘This characteristic might be unacceptable in many locations 
i a Such results are illustrative of the range of solutions possible within which a 


an can be worked out, Satisfying ; actual conditions ai the loc 
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4 . This shows thatby 
i utlined previously. — 
dredging 3,600,000 cu ydand providing 
| 


Bed material sediment lo 


|W. Ss. . drop |’ otal 
at dam i 


4, 
3, 072 


& 


1, 370 1 None} + 


Q = 130, 000 Cc. s. = 0. 
Normal pool assumed 28 ft above original boltete elevation at dam site. 
Minimum depth in 600-ft navigation channel = 12 ft, 7 

W. S. U/S from dam raised 0,7 ft above y, = 26.85 


THE GENERAL PLAN 
Meanwhile, enough has been determined to enable an approximate ona es- 
timate to be made of seven and ‘eight- -dam systems, to compare withaneleven- 
- dam system for the reach in question. Actually the seven-dam system proved 
tp be the cheapest in direct total cost. _ However, it did not provide fully ade- — 
quate navigation conditions for port development at either Pine Bluff or Little 
Rock; it adversely affected m more bottom lands. Ge The economic effect of this Fee 
of future detailed of individual pools and structures. 
marizing results” obtained, the eleven and eight-dam systems may be co 
$0 far as operation and maintenance is concerned, ‘there does not seem il 
‘be any pronounced difference the two ‘schemes. Obviously cost of op- 
eration and maintenance of the locks and dams will be proportionately less te 
for there eight- -dam plan and dike maintenance costs will be somewhat — 


eight- -dam but this will be the case . It seems like- 
ody that crossing “gee will be about as predictable for the narrower channels 


of probable shoaling as the wider shallower channels, namely, the first 


= 


TABLE 2,—NAVIGATION CHANNEL STU 
— Case | Basic | Excavation | Contracted Maxi-| Pool — 
— slope | (width-feet) | width (feet) mum jlength tion 
None} None|None | None} 0} 0} | 20,00 7 
1 | 1,370] 1,370|None | None|+0.39|-0.67|1.06 | 1.06 | 21.33 | 
70 | 1,370 | 1,370|None | None} +0.85|-1.44| 2.29 | 2.29 | 22.86 
80 | None|1,000 | None|+0.00|-0.47| 0.47 | 3,00 | 23.75 
600 0.85 |-3.50|4.35 | 9.2 |31.56| 19,508,500 
III-B 600 | 1,370/1,150 | None|+1.55|-1.44/2.99 |5.5 |26.93] 6,668,000 
i 
— y 
of each structure will be required be- 
x 
— 
q 
ig 
— 
— 
— 
— — 


| Eleven-Dam System | Eight-Dam System | 
re 


Construction, cost, locks, ond dams $258, 000, 000 Ae $197,550, 000 
Cost of land taken or damaged 050,000 8,890,000 
7 


Acres of land taken or 16,180 | 10,950 
Dredging, cubic yards 150,000 46,050,000 


_ there will be three less of such vulnerable reaches. While this" study was un- 
_ derway, an interim decision, affecting other sections of the river, had elimin- 
ated one dam from the eleven-dam system and reduced the indicated cost by 
¥ $ 16,000,000 on that account. Therefore, a more conservative evaluation of the _ 
far as serving primary purpose is eight- -dam scheme 
Pty has the major gag of reducing the time of all navigation tows by elimin- 4 
ating three lockages. Altogether it appears as the best and soundest scheme, 
_ and it has = oan as the basis of further detailed planning of structures — 


erms of actual structures. . The contraction works far on the 
_Arkansas River are quite similar to those on the Missouri River, although al 
structures are further apart, leaving an open channel of 1, 200 ft to 1,300 ft. & 
ae Such construction results in a series of relatively stable deep pools along the 3 
4 e concave sides of bends, joined by intermediate shallower crossings. Fig. 3. 
illustrates contraction works in a reach of relatively mild reurvature. This 


_ Principal problems in planning increased. contraction in § given reaches con- a 
cern: -(a)the possibility of changed roughness coefficients when additional con- €: 
traction is introduced; (b) the necessity of avoiding appreciable increases in 
flood heights; and (c) the e feasibility of contraction effective at higher discharges, $, 

at which times there is considerable overbank flow. In addition itis necessary ‘ 

consider the possible use of special structures to Og Rg depths at. 
crossings than would be maintained by normal designs. 
ee If it can be considered that over-all roughness remains unchanged, it ap- 
pears from theoretical considerations that, for a contracted channel, a high- | 
water flow line of somewhat lesser slope than that of the normal channel will 
be sufficient to carry the sediment load. 


a 


£«-;>TABLE 3,—COMPARISON OF ELEVEN AND EIGHT-DAMSYSTEM £ 
a. 
q 
= 
— 
— 
Cl The preceding analysis has rather complex implications when consideredin 
a 
— 
115 15 ea on the MNiannin OTF old 


mber ,» 1960 


4 Provided values of n are saline which i is Se assumed in the pre 

- ceding, any increase in D consistent with continuity must therefore be accom- — 
panied by a reduction in slope and a consequent lowering in the flood soatiins: 
mae Se Therefore, in cases such as previously described, , contraction of as 

flows as well as channel flows can be incorporated in the program without in- 
, flood heights. Such overbank contraction will supplement contraction 
- measures by means of dikes and revetments, which are most effective in reg-_ 


the lower flows. Disposition of excavated spoil so as to ‘channelover- 
"bank flows, encouragement of willow growth, and construction ot secondary 


1.1 52.3 - — 


nS works: such as s Kellner Jetties in chutes and on bars not exposed to direct deep 
water: attack will ail be considered as secondary means of contraction econo -_) 
micalin themselves, to supplement contraction of the main channel by 
dikes and revetments. Such overbank contraction will help preserve the rela- 
sediment- -carrying capacity of contracted sections at high discharges. ‘This 


-* of particular importance because of the enormous loads of heavy sediments 4 


re 


. The 
ee ‘comparison with the natural stream need not be made, since practically all o 
‘Teaches | downstream from Dardanelle will be contracted. With the extra 


REACH ¢ RELATIVELY MILD C CURVATURE: 


contraction bends. are sharp and of great curvature. 
: Obviously | the adjustment of planimetric layout by making cutoffs of such bends 
ri in the upper reaches of pools may be desirable where this is feasible. = = 


a3 len less obvious but more widely applicable means of increasing | sediment - a 


e of s spur dikes on yn concave s sides of bends, ‘such | as : those indicated as “A” on Fig. a 
_ 3. Such construction has long been known to create eddying, and, i in fact, such 
often partially fails due to direct attack deep water, whereas 
_ spur ‘dikes on concave sides of bends ‘readily silt up. The model showed a 
striking improvement in over-all sediment carrying capacity when such ex- 
0 _ posed ends of spur dikes were joined by longitudinal rock dikes, with the ap 
—_—s behind them. This result suggests that future contracted se 


4 @ 


longitudinal rock 

- dikes. This action would reduce the degree of contraction otherwise required, 
third category of special contraction works which requires further con- 
eration is that of low-level crossing groins. Such groins are not generally 

used, but in one form were suggested* by S. Leliavsky for the purpose of in 
= creasing reliable depths obtainable at a given crossing. Leliavsky proposed a 
3 a: low groin, _ which would, in effect, continue the curve 0 of a concave bank 


_ Such groins were constructed in the open channel model, as shown on a = 
—w with rye spur groins delineating the opposite side of the crossing © 


and shoaling was created in the channel 


+R a second test, crossing groins were installed 4 based ona princi 
_ gested by the author. It has been observed that following floods, the deepest z 
paths of crossings are relatively far downstream, at a slight angle to the main 


axis ofthe channel, and that in periods of low water the crossings tend to widen 


and to ‘move irregularly and unreliably ‘upstream. Therefore, the groins 


ow crossing upstream, as shown ii in . Fig. 4. These crossing groins did not per- 
ceptibly interfere with flow of the current in the model, or apparently aie 
gg any direct attack at high stages. _ They materially improved crossing depths. 
Considerable fill resulted between the groins and the bank after passage of : 
" —¢ Consideration of these tests indicated possible economy of such groins, or : 
Be some other generally similar structure, for application particularly to those 
a crossings where designed depths cannot otherwise be maintained without main- 


; tenance dredging. _ There will be time for such auxiliary structures to be! more - a 


‘The program for extending navigation up the. Arkansas (ana Verdigris) 
a rs to the vicinity of Tulsa, , Okla., is one of the largest ‘multiple- -purpose river > 
_ improvement programs ever adopted. It involves novel and complex ves 
from an engineering viewpoint. The initiation of construction of three of the — 
major structures in 1955, atatime when preconstruction planning ofthe system 
e as a whole was not very far advanced, represented great reliance upon the ac- © 
- curacy andcorrectness of the highly generalized pre- authorization studies and : 
Fortunately, these conclusions require no major change in the scope — 
x concept of the projects already under construction, except for a considerable ; 
_ reduction in the tailwater elevation of Dardanelle Dam, which was worked out ‘Z 
on an interim: basis prior to ‘completion of more general studies involving the 
same principles. The writer and many others in the Corps of Engineers feel 
; profound relief that this great project, unprecedented in character, and al 
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raulics,” by Serge Leliavsky, Fig, 40, p. 
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-itiated | prior to the solution of all ‘the recognized protien, is adhering to the 


thanks are e due the mem of ‘the Arkansas River 


tance ‘and een in the working out of the principles, and of the ‘model tests 


and in approving applications of the basic concept. W«~ A. ‘Carter assisted in 


low Pine Bluff. The Little Rock District, Corps of Engineers, headed by A.M 
Be ogth prepared most of the quantitative studies and estimates, and part 2 


portation studies The ‘U. Ss. Experiment Station prepared and con- 

ducted the large- -scale, , movable-bed model tests which afforded a check on 
Gated the studies and particularly a means of analysis of shape factors and 
‘effects of Structares, other in 1 the Southwestern Division fe, 
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tone RIVER INLET SAND BY- PASSING G PROJECT 


%: - appears to be an effective method of nourishing and restoring a starved mer 
: i. a ane at the down-drift side of the Inlet. The by-passing operation, which was under- a 


_ taken as a full scale experiment, is considered successful because: pees 


5 nila 1. . The sand by-passed across the Inlet is iaeante better graded, and a3 
sae made a beach fill that is more stable than beach fills made elsewhere on the 4 
New Jersey Coast with fine sands might have been obtained by 
_ 2. The by- passed sand makes | a more attractive beach than sands naa 
obtained by dredging in inland waters inasmuch as it is freer of wp siemens 
"shell fragments, clay balls, and silt. 
_ 3. Sand obtained from the accretion at the » up-drift: side of the Inlet has 
og proved cheaper than sands obtained from other sources when comparative costs 
Res based on the unit price of sand that stays in place on the aan” 
The ‘removal of the excess accretion at the up-drift side of the Inlet 
Moe 5 benefiting the community facing the up-drift beach in three ways: ‘It restores 
ie utility much of the length of a “fishing pier” which was being made useless 3 
wee by the development of dry beach under it; the reduction of the beach berm to — 
an optimum width of from 100 ft to 200 ft has been found desirable; and it is ce 


Note. —Discussion open until oo 1,1961. To extend the closing date one month, w 

a written request must be filed with the Executive Secretary, ASCE, This paper is part £7 
of the copyrighted Journal of the Waterways and Harbors Division, Proceedings of the 
American Society of Civil Engineers, Vol. 86, No. Www 3, September, 1960, es ee a 
prof, of Civ. Engrg., Princeton Univ. 
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Coast, where the progressive erosion of the beaches has long been a matter of 
_ grave concern. In 1954 the Corps of Engineers, representing the Federal Gov- 
_ ernment, anc the Department of Conservation and Economic Development of the 
State of New Jersey, representing the State, completed a cooperative study of | 
_ the control of the erosion of that part of the Atlantic Coast of the State lying e 


- between Sandy Hook and Barnegat Inlet which points Shark River Inlet lies. | 


poo cooperative study led to the preparation of a report, approved by the i 


The 51 miles of the New Jersey Coast lying between Sandy Hook: and B ae 
Inlet ( Fig. 1) consist of an 11-mile stretch of barrier beach which reaches to ae 
is Monmouth Beach, followed by 19 miles of headland terminating at Bay Head and» 

- finally 21 more miles of barrier beach the south endof which is Barnegat Inlet. 

_ There are littoral movements of sand northward to Sandy Hook and southward + 
_ to Barnegat Inlet from a nodal point about 40 miles south of Sandy Hook and 11 a: 
a miles north of Barnegat Inlet. Practically the entire 51 miles of the coastline _ 

has long been eroding emenatuely (Figs. 2, 3, and 4). The bulkhead shown 
in Fig. 2 failed to stop the progressive loss of the upland. The beach shown in 
at, “Fig. 3 has gone and the upland is starting to go. - During the past 50 or 60 yr 
a this progressive erosion has been accelerated on the down-drift sides of var- 
ious man-made obstructions to littoral movements of sand. These obstructions 
E consist of jetties built at the mouths of the Manasquanand Shark Rivers to sta~ 
- bilize the positions of the river mouths and facilitate the maintenance of satis- 


a factory channel depths, and groins — for the prevention or control of Bia 
‘The remedial measures recommended report ( Fig. 5), 


_ groins where these are considered pe prevent rapid reduction in ol 
width of the widened berms by littoral movement of sand, and the regular and — 
_ systematic nourishment of the beaches by establishing and periodically re- 
plenishing feeder beaches or stock piles from which sand would 
* the Department of Conservation and Economic Development « of the State of be 
New Jersey, the agency responsible for the maintenance and protection of shores" 
nd beaches, is in general agreement with the recommendations of the report. By: 
Shortage of funds, however, has prevented the immediate full implementation — k 
of these recommendations. _ The policy that has been, and is being, followed, is 


4 on is that the State has several inlets protected by jetties, nuilig at the up- 4 
= side, large and unnecessary accretions have formed ( Figs. 6, 7, and 8). ge 
oy In Fig. 6 the jetties agri a southwestward littoral movement of sand :. 
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jects _compatible with the recommendations of the report and to adopt such a 
anemergencyiscreated bya 
&§ Ind possibly stock piling sandat  #§ 7 
e down-ariit side Of an inlet that has a large unwanted accretion at its up- 
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and in Fig. Starved and eroded condition of the beaches no ot the 
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"sand “which could be obtained for beach filling by dredging ina ‘nearby inland 2 
7 waterway. Finally, though beach filling with fine sands obtainable by suction 
" 5 ‘dredging in nearby inland waters has proved reasonably effective in a number 


of locations, it was considered worth-while to try as an alternative the res- oi 
toration of a starved down- drift beach by by- sand an 


1. The beach on the down- drift or north side of Shark River inlet i is one 2 of i a 


officials and of the communities owning the beaches favo 
the experiment and agreed to furnish rights of w 


3. » & bridge over the Inlet im 


es 


the Inlet and o on n the north side, reading fr om n south to > north, a1 are e Avon- -by- = 
_ Sea, Bradley Beach, Ocean Grove, and Asbury Park. The beaches of all these fe. 4 
communities are publicly « owned and are heavily used during the summer sea-_ 
son for recreational purposes. . Each of the 2 municipalities has, , with financial . 
- aid from the State of New Jersey, constructed rock or timber groins along its 4 
beach front to retard loss of sand and give some measure of protection — “s 
storm damage to roads and structures = the > upland. I 


— 
_——— j- Shark River Inlet (Fig. 8) was chosen as the site of the experimental by- _ 
the mos eroded Geveloped OCea Ontage NEW Je 
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a t is 20 eas of Sandv Hook and lies i e headland portion of 
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plated within the areas under discussion. 
Shark River Inlet is a } federally maintained stabilized 
‘jetties. The first jetties, built in 1915, were of rock and curved to the | south 
eastward in apair of concentric arcs. Rapid erosionof the beach and shore of 

_ Avon-by-the- Sea, at the north ‘side of the Inlet, followed the construction of 


aa jetties were rebuilt and completely realigned by the State between 1948 ¢ 
and 1951 . They now consist of a pair of parallel rock jetties 300 ft apart jut - 

ting straight « out into the ocean at right angles to the shore, Figs. 8 and 9. il 

north jetty is 62 5 ft long and has a short extension or “lug” on its north side. 


This projection was bu 


Inlet and Shark ‘River to aed a 12-ft project depth to the Belmar orton. 
The Federal government periodically dredges the channel between the jetties _ 
f and across the bar which forms to seaward of them toa depth of 20 ft. The _ 


‘dredging is done by a small: seagoing hopper dredge, the being dumped 
at sea in deep water. 


e nurmal range of tide at. ‘the Inlet is ft with | ranges of 5. ft. 
i Shark River has a small — is not subject | to nenny: flash floods, and — 


— 
— 
— dredging in Shark River. fi > tboardend , 
was spoil from dre Reconstructing the ou 
— =—- dand was considered a failure. Re are: 
did little goo 
\ 
1 during northeasterly * = ai 
d of the jetty tal length o 
landward en han the north one, having a to 
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were minireed trom November 1958 to April 1959. The largest wa waves cl 
were 7 ft high, 99% were 6 ft or less in height, 93% 4 ft or less in height, and 
78% of all waves were 2 ft or less in height. 
Observation of the wind directions during the same e period showed that 19% 
3: from the northeast, 13% from the southeast, 22% from the southwest, and _ 4 
46% from the northwest. ‘The he highest wind aaa was 35 mph from from the 1 north- 
The littoral drift at the Inlet is northwardat a rate of approximately 265,000 
Pea yd per yr. Because of the prevalent northerly littoral drift, the 950-ft south 
% jetty trapped the northward moving sand and formed a large fillet beyond the 
" normal beach | alignment. - This fillet was some 400 ft wide at the south side of. 
- the south jetty and extended about 1, 400 ft southward along the shore of Belmar. 
a source of material for restoring andnourishing the beaches on the north side 
of the Inlet by the by-passing project. It was recognized that sand was being © 
_ by-passed across the Inlet by natural processes2 and believed that a bar which © 
extended ina northeasterly direction from the tip of the south jetty was the 
principal by-passing agency. It was also apparent that some of this sand nour- 
Ps ished beaches north of the Inlet. It did not appear, however, that any consider-_ 
Be able quantity of sand by-passed by natural processes reached the shore until ‘ 
; = _ it had moved northward a number of miles from the Inlet and that the beaches 
= a Avon-by-the-Sea and Bradley Beach were consequently being destructively 
‘ starvedan and the be at Grove was ite share of f north- 
| 


PLANNING THE PROJECT 


Development prepared the specification and plan for the by-passing project. 

The ‘specification was very simple requiring that the contractor furnishall 
struction materials, equipment, labor, supplies, and facilities for the placement — 

4 . of 250, 000 ¢ cu yd of sand, more or less, as beach fillon the beachfront of Avon- — 


x which accompanied the specification. The salient features of the planare shown 

al Fig. It was further specified that the work should be done between 
tober 1 and following May 31 of two successive winter ‘Seasons, leaving the 

beaches free of any to their the inter- 


vening summer. 


A proposal to do t the « excavation site crane and to transport the sand 
beaches of Avon-by-the-Sea in trucks for O.08percuyd. .. 


A proposal to excavate the sand by dragline, place it ina hopper, and 
a transport it hydraulically to the beach fill by means of a dredge pump “ pipe 


. is bidd 30 d. 
line. ‘The price | quoted | by | this dder was $ Per cu yc hi 


2 “Natural By-Passing of Sand at Coastal Inlets,” by and F, Gerrision 4 


A508, Vol. 85, No. WW 4, December, 1959, pp ‘pp. 75- 
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SAND) BY- PASSING 


7 3. A proposal | to do the work witha ‘granite Coen: and 
price: 
‘The contract was awarded on the first proposal at the bid price of $0. 88 per cu 


During late and October 1958 the contractor built a trestle in 
borrow area reaching from Ocean Avenue to a little beyond the low water mark. 
‘The trestle was about 425 ft long. He also built three 200-ft trestles north of 
: the Inlet from which to dump sandon the beaches to be filled. ' The locations of 
4g these trestles are shown on Fig. 9. _ Two of the trestles were in Avon-by-the 
a Sea and the third on the line dividing Avon-by-the-Sea from Bradley Beach. a 
7 _* On about November i, the contractor commenced excavating sand from the Ad 
- borrow area with a crane and 2- 1/2 cu yd clam shell bucket. A bulldozer was i 
used on the beach to push sand to the crane (Fig. 10). Transportation of the € 
_ sand to Avon-by-the-Sea was done with two 20-cu-yd trucks and one 10- yd truck. | a 
The trestles on which the sand was delivered to the beaches north of the Inlet. 7 
reached a little beyond low water (Fig. 11), and the contractor proposed 
_ leave the distribution and spreading c of the sand from the dumping points at the | 4 te 
ends of the trestles to wave action. This would be permitted if wave action 
_ proved effective. It did in fact prove highly effective and no spreading of the a: 
‘fill with bulldozers proved necessary during the first winter’s 
it was necessary to extend the trestles as beach widened. 


tie the winter season of northwest winds was disappointing. On April Sag ’ 
(1959, the supply of sand that could be reached by the contractor’ 's oy 
ra was insufficient to justify further work at the time and excavation was accord- 
a. ‘ingly stopped. The amount of sand that had been placed on the beaches = 
as of the Inlet was, however, considerable and had effected a great yo ajnitonerell 


in the condition of the beaches 12 13). be amounts 


— 38, 000 cu u yd, | truck measure. 


000 cu yd, truck measure. 
7,000 cu yd, truck me measure. 


The trestles were then removed and ior 
“4 During the summer of 1959 the normal northward littoral movement of sand 
_ took place and the excavated borrow area filled rapidly. On October 15, 1959, 

# g contractor was directed to reactivate the project and he at once started to 3 a 
: replace the trestle in the borrow area and to reconstruct trestle land 2. Tres- 
i. tle 3 was not reconstructed but two new trestles, 4 and 5 (Fig. 15), were built. — 
i - Trestle 4is in Bradley Beach between the northernmost groin in Avon-by- -the- 4 

; = * Bea and the first one in Bradley Beach. Trestle 5 is north of the first on the 
. Bradley Beach groins. Trestles 4 and 5 do not reach as far into the water as ‘a 
— ee 1 and 2, and it has been n necessary to spread some of the sand dumped — 
a from them by! means of a bulldozer. Excavation and placement of sand Curing 
the second season started on October 22, 1959 and to date 88,000 cu yd have 
a Ne. “been by-passed this winter or 225,000 cu yd since the project was started in 
September, 1958. About 25,000 cu yd, therefore, remain to be 
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FIG. 12. cosenriion OF THE BEACHES AT THE C¢ 


‘FIG, 13,—CONDITION OF THE BEACHES END 
OF THE rst WINTER’S WORK 
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i It is amticigated that the entire 250,000 cu yd to pe moved under the contract 4 


“project wi will then be complete. 


_ When sand by- passing by the method used at ‘Shark River, Inlet was pr 


1. Could the contractor maintain a satisfactor schedule of 
placement by the methods he p proposed to use? 


the of sandin the qua. tity damage Belmar Beach? 


the planned work schedule? 


4. Could sand be satisfactorily distributed and on the filled 

if it were dumped onto them from trestles 

iy Tiie contractor has maintained : a satisfactory schedule of placement in- = — 
-asmuch as he excavated and placed 137,000 cu yd during the first winter he ag 


a worked. This is more than half the 250,000 cu pat oe i was to move during two 
= 


show 


This will undoubtedly be a is the Deaches initially fed 
is now being delivered over trestles 4 and 
— 
| 
— 
— 
44 
at part of the fillet south jetty 
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September, 1960 


by-passing 000 cu yd during two winter seasons. 
Pe d. Sand dumped onto the beach from trestles has been distributed satisfac- - 
torily by wave action when the trestles are reached 
to or a little beyond the low water mark, 
‘ 


In commenting | on the present character and tee 


4 by- ~the- Sea, Francis B. Cogan, Chief Engineer of the Bureau of Navi- 
by means, we have never had results comparable with the ‘distribu- 
tion by waves and natural forces as in this instance. ee Ta 
Surveys of the beaches and ocean frontages of Belmar and Avon-by- -the- ~Sea, 
_ including soundings extending to the 25-ft off- shore contour, ¥ were made in 1 Au- 
~ gust, November, December, 1958, and February, March, May, June, August 
and September, 1959. From these surveys changes in the volumes of sand on 
beaches of Belmar and Avon- ~by- the- Sea were computed as 


5 August 1958 before : sand by- passing commenced. 
(2) May 1959 after the completion of the first winter’s 
foe: =. September: 1959 before the commencement of the second winter’s work. | 


' The resulting estimated volumes were then compared with the volume of — 


"actually by-passed as determined by truck measure. The comparison | may be 


(a) Sand by. -passed the 137,000 cu yd. 

) Net accretion on beaches Avon- -by- the-Sea during tae first. winter" 
a Net reduction of volume of sand on Belmar beach having the first win- eas = 
er” s operation: 129,000 cu yd. 

the summer of 


‘fillet o or accretion south of the south jetty ern it Pe beyond the optimum oe 
- outboard edge of the beach berm. There will undoubtedly be some further loss = 

_ of sand from this fillet due to the second winter’s operation but there is every — 
_ reason to anticipate the complete restoration of the fillet before any further _ 

_ The sand removed and placed is medium sand having been worked over by 
littoral | forces in sucha way that undesirable fines have been removed. a 
characteristics of sam samples of sand taken from the beach at various times and 

7 = is anticipated | that sand of the type placed on the beaches of Avon- ~by- ~the 


of a beach fill made by hydraulic methods is quickly lost. Observations of i. 
beaches of Avon-by-the-Sea during the summer of 1959 leads to an opinion that 
the rate of loss of the newly placed material is going to be very slow. An at-_ 
ioupawn to trace the rate of movement by placing a recognizable stone dust from 
quarry at Somerville is being but 1 the 
ag. 
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Diameter of sorting ‘Skewness 
“Avon Trestle No, 2 
Trestle No. 1 
Avon Trestle No. 3 on 
Beach Trestle No. 
Belmar - Borrow Area 
Belmar - Borrow Area 
Belmar - 2nd Avenue 
Belmar - 4th Avenue 
Belmar - 6th Avenue bs 
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WATERWAYS | AND HARBORS DIVISION 


eae of f the the American Society o of Civil En ngineers ae 


PNEUMATIC BARRIER AGAINST SALT WATER INTRUSION 


* on the river bottom will create an . upward flow of salt water and thus a 
_ mixing between the fresh and salt water layers. Whenthe upward flow renee 


The difference in paneres is known to be the cause of Salt water intrusion in 


estuaries. In this connexion, three types of intrusion are recognized: 
oe Estuaries with a salt water wedge, that is, the salt water, sharply sepa- a 


“rated from the fresh along the river bed in the shape of 


the salt water er problem in rivers. 


which ar are ‘characterized by vertical 


— 
— 
= 
@ 
to 
ay provide the answer to 
— 
— 
— 
ail 3 
— ne 
d the closing date o 
—— in this symposium. To exten SCE. This paper 
_ mitted for the individual be filed with the Executive 4 Proceedings 
is part of the copyrighte f Civil Engineers, Vol, 86, No, WW Copenhagen, Den- 


September, 1960 
‘The mixing conditions in an estuary seem to be ‘determined chiefly by the 


2... with regard to both agriculture and water supplies. ae Therefore, it is valuable — 
) develop methods of hindering this intrusion. 
a Training walls, sills, and other control structures have been anes & in th 
the salt water, but ‘their | effectiveness is | limited because of navi- 


e 


~ 


of the barrier is that the 


: e _ bubbles of air emitted from perforated pipes placed on the river bed will cre- 


wedge, natural velocities in the lower salt water are small. 


a “Some. Effects of Upland Discharge on Estuarine Hydraulics,” ’ by y Henry B, Sim 
‘mons, ASCE, Paper 792, Sept. 1955. 
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A q 
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ima 
scither alone, or in combination with the previously mentioned — 
— for the control of salt water intrusion, = Sa 
— 
if 
— 
— 


PNEUMATIC BARRIER 
to the description of the: pneumatic barrier is to con- 
GENERAL THEORY OF TWO- LAYER FLOW RIVER MOUTHS 


At a river mouth or at any other location where an n abrupt widening of the 


For the Stability conditions om ‘this hydraulic jump long, internal waves ane 
stationary. Neglecting the shear stresses at the bottom and at the interface, a 


i: well as the mixture of layers” in the vicinity of the jump, the equilibrium © a 
A a: equations for the upper and lower layers of densities (p(1 + a ) and p(l- + 4) a, 
are in accord with in 1. 


— 


h. | > 


ye 


1+ A’ h ( pla 

in which qy and denote the discharges per unit width of 


= If the fresh water discharge of the river is called qo» the einen vein. 


equation for the dissolved material, that creates the difference 4 
density between the layers, may be as follows: 
ris 


denotes the between the 
typ g 


| 


a 
at a 
4 
q 
> 


— em e 


qs. 1 and 2 can be made dimensionle s by means of the | parameters: ee 


which ho is the depth of the and F is the of the r river. 


(7, + Ny (a- a) 


By d differentiation terms and the following | is 


ad 


and In other words, the 
4 
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— 
im 
— 
ait 
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ait +a) UP 


2 


ae 
Inserting | A from Eq. 6 results 


In Ea 15b the usual Gensimetric Froude Number Faas by Eq. 16 may 


= 


aid 


Since F* is Small and 


Eq. 15b may be by: 


unusable root = the root: 


a ie tween the layers causes only low velocities in ‘the salt water layer, 7, denotes 
the dimensionless thickness of the layer of fresh water at the river mouth, 
Fig. 2 shows the roots of Eq. 18 for various values of while the correlation. 
ae between Nx and the densimetric Froude Number Fa is given in Fig. - dial in’, 


— 
Fie 
Ty 
— 
— 
tnterval a certain value of to an 4 
e exists arger solution co — 
of Father or the larger so ots. For 
4 : 5 two solutions for 7), : in Eq. 18 having no roots. the 
| has two > y will resu has apart from 


ber, 1960 
when 


Eliminating 1 F, A from 20 and 21 we find: 


3 


‘The quantity of salt water double -: -root 


Fa 


"BASIC PRINCIPLE OF THE 


- the flow in the salt water layer was moderate in relation to the flow in the up- 
layer. of the upper layer at | river mouth 


relation between and may be found by inserti 4 
— 
= 
— 
— 


a upper layer becomes increasingly saline, the inward and outward currents - 


4 3 increased simultaneously, andthe thicknesses of thet two layers of the pret 
4 


mouth can be determined by Eq. 18. 


G2 G3 04 05 0S 


3 
FIG, —THE DIMENSIONLESS THICKNESS OF THE FRESH = 
WATER ER 1) AT THE RIVER MOUTH. 


r, it is only —_— by this means to increase the flows in the up- 

5 — per and lower layers to a limit corresponding to Vm in Eq. 23. Further at- 


i cy tempts to intensify the mixing will have no result. This fact has been proved a 


— 
— 
— 
— 
Journ, Mar, Res., Vol, XII, 1953 13-5 
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_ It remains to be determined how this can be utilized in the prototype. ae ry 
A stream of air bubbles originatingfrom a series of perforated pipes placed 


ae, onthe river bed, at right angles to the direction of the current, will generatean — . 
flow, that will create the desired mixing if the perforated pipes 
covered by salt water. if the flow created by the bubbles exceeds the quantity = 


fy of salt water that is capable of invading the river mouth in accord with Eq. s, F 


equipment will form an barrier to ) any | salt water stream threat- 


; Taylor. 4 Assuming that the bubbles are very small, Sir Geoffrey found that 
we, ey air bubbles from a perforated tube on the river bed created a rising, wedge- a 
‘shaped column of water. % The angle of this wedge is about 31°, and the maxi- q 


mum velocity — in the vertical current was found to be _ 


Assuming an approximately parabolic velocity profile, and denoting the 


A cmnannr~y: of the salt water layer hg, the air bubbles will be capable of mixing © 


tg 5 h,1.9 


with the flowing water of the upper 
ae Should this salt water flow, according to Eq. 26, prove insufficient ai i 
oa tubes can be used. It should be noted, however, that in this case e Eq. 28 will 
hardly give a completely correct result even if the wedge- -shaped zones of up- 
ward-moving water do not intermix (Fig. 4). For this reason, model tests 
would be desirable in a detailed design. —_— 


=0. 122 02) (9. #1)(6)" = 8 m m 


Roy. Soc, London, ‘Series A, Vol. 231, 1966, PP. 486 - 478, 
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— 
j 
= 
— 
— 
— 
4 
a width of 50 m. The value of Ais about 0.02. 
According to Eq. 26 the vertical flow required to stop the s: 
— 
— 
(Sir Geolirey Taylor, 


‘it is estimated that | this upward flow must be fully developed ts No over the 


“the air consumption per unit width is found 
= 0.8 = 8 (0.7 71) (0. 1)(6) Vw 0.81 
0. 0013 m per per pipe 


“passes of ‘the River ‘ane lim deep and of their widths 


oc 
Sq m per sec 


=10 (0. 0017) 750 = 12,7 cu m per sec 


— 
— 
— 
It may be mentioned that exceptionally low discharges of 50 an | 
sec give values for FR of 40 and 160 
— Wes Vg 
— — 
— 
— 
— 
— = 0,001 sq m per sec p 


UMATIC BARRIE 


= 


a In the Pass A Loutre i in the ‘Mississippi River, hy is 8 m and the wi 


= 10 cum per sec 
A total discharge in the Mississippi River of 2000 cu ” per sec gives values 
tor of about 125 in: 


for Fe of between 100 and 200. 
Fig. 5 a series of from a run with FA“ = 125, corresponding to 
= 64.0 sq cm per sec, hg = 23.5 cm and A= 0.04. In tests, the 


neumatic water barriers « of the magnitudes 4 
f hi merical examples may be established at costs considerably lower than the i ie 7 
struction costs: of the usual, less effective, salt water control structures. ‘The q 
"running costs of the ‘pneumatic barriers are difficult to estimate in general 
& terms because these costs depend on the variations in the river discharge. _ ae 
— upward-moving stream of air bubbles will not affect the river traffic, — 7. 


at but, the radical change in the current conditions at the river bed will alter the é Eas 

“a natural sedimentation conditions in the river. Both bed load transport anda J 
a considerable — part of the suspended | load will tend to 0 deposit i in ‘the —_———— a 
As the pneumatic salt water is only intended to when the 
2 discharge in the river is incapable of creating satisfactory fresh water condi- ee 
. That is, during periods of greatly ‘diminished | material transport, the 4 
possible | difficulties caused the barrier with regard to sedimentation will 

It was assumed in the ir that there is an outward surface current. 


ca ‘This | is ‘not the case at the mouth of well mixed estuaries. Therefore, it is not 
possible in this way to improve the conditions downstream of the cross-section | 


where the surface current at flood tide becomes zero. However, upstream of this 
2 — , the effect will be the same as previously stated. It should be stated _ te 
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oceedings of the American Society of Civil Engin 


“STUDIES OF A CHANNEL THROUGH PADRE ISLAND, TEXAS 


The problems of ‘tidal ‘encountered in design of an artificial in- 


7 ‘let from a gulf to an almost tideless bay are numerous. _ This | paper presents 
the results of several years’ observation of tide and current phenomena insuch | 


~~. 


 A-recent project of considerable interest from the standpoint of tidal 
-_ draulics and beach erosion is the Port Mansfield Channel through Padre Island 
oa on the lower coast of Texas. _ This channel was dredged by the Willacy County _ 
a per Navigation District to provide a navigation route between the coastal bay and Ee 
- _ the Gulf of Mexico. Two jetties were constructed on the Gulf end to afford pro- — PY 
BY ie tection to the entrance. The construction of this artificial pass afforded oppor a 
ae tunity to observe the effects of the disturbance of the natural equilibrium on = 


tion presented herein were ‘collected by observations over a period 
of approximately 2 yr, the of the Port Mansfield Channel, 


= an inlet, and the studies made to determine the best design for a jettied n navi- 


7 


a ae Note.—Discussion open until February 1, 1961. To extend the closing date one month, — 
9. a a written request must be filed with the Executive Secretary, ASCE, This paper is part 
a he of the copyrighted Journal of the Waterways and Harbors Division, Proceedings of the 

Society of Civil Engineers,,Vol. 86, No. WW 3, 
4 Dist. Engr., Army Engr. Dist., of f Engrs. 
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- The Port Mansfield Channel lies on the south coast of Texas approximately © 
93 mi south of | | Corpus Christi and 38 mi north of Port Isabel. It crosses the < 
a aC Laguna Madre, a long shallow body of water extending along the Texas ‘coast 4 
‘ in! _ from Corpus Christi on the north to the Brazos Santiago Pass on the south. — 
Laguna Madre, approximately 150 mi long and from 2 to 9 mi wide is separated 
i from the Gulf of Mexico by Padre Island, a virtually uninhabited, low-lying, off- 
shore bar formation. Padre Island varies from 1/2 to 2 mi in width with sur- - 
face elevations ranging from 2 ft to 16 ft above mean sea level. Higher ele- i 
-_ vations are all located on a narrow strip | of large active sand dunes along ae. 


ate ee The Laguna Madre is generally divided into two natural bays, separated = 


the middle by an area of mud The bay is approximately 55 mi long 


% Colorado which lies approximately 10 mi below Port Mansfield. The bay into 
which the Port Mansfield Channel enters is locally known as Red Fish Bay = i 
is 28 mi long and 2 to 5 mi wide. Natural depths vary up to a maximum of 8 ft. 3 
‘The ordinary range of tides in the lower Laguna opposite Brazos Santiago ~s 
4 is 1-1/2 ft. Tidal effects decrease north of the pass and are barely noticeable _ 
in the vicinity of Port Mansfield. Winds cause considerable fluctuations in the 
- water surface elevation. At Brazos Santiago Pass strong north winds may raise 
the water surface as much as 3 ft above normal tide. coe 
“ah The authorized Federal project for the Gulf Intracoastal Waterway extends © ¥ 
- through the center of Laguna Madre along - its entire length from. Corpus Christi e 
‘Bay to Brazos Santiago. The main channel of the Intracoastal Canalis 12 ftdeep ai 
= 125 ft wide on the bottom. A branch channel has been | extended westward > 


the main in Fish a turning basin at the town of Port 


In September, 1957 the Willacy County Navigation completed con- 


included additional harbor basins, a shallow -draft outlet channel through Laguna — 
Madre and Padre Island to the Gulf of Mexico, and jetties at the Gulf emganes. 


The new outlet channel to the Gulf of Mexico: extends eastward from the june- a 
tion of the authorized Federal project channel to Port Mansfield and the main > @ 
channel of the Gulf Intracoastal Waterway, across Laguna Madre and Padre F 
Island to the Gulf. _ The channel, from the Federal project to the easterly side — a 
of Padre Island, was dredged 10 ft deep and 100 ft wide. From Padre Island 
- through the jetties to the 16-ft depth in the Gulf, the channel was dredged 16 ft 
deep and 250 ft wide. The new channel from the Gulf Intracoastal Waterway to 
the Gulf is 8.6 miles in length, and the overall length of channel from the Gulf 

Port Mansfield, the authorized tributary channel and turning basin, 

10. 0 miles. 


_ The two jetties Nom by the local interests were parallel to, and 500° 
distant from the centerline and extended from east shore of Padre 


Piet. 


and information on studies and conclusions regarding reconstructio 
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«TYPICAL «SECTION OF JETTIES 
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ESTS IMPROVEMENTS 


AS BUILT BY LOCAL INTERESTS 


MEAN LOW TIE 


2,—LOCAL INTER 


= 
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into the Gulf of Mexico. The n north jetty was 

10- ft contour. The ‘crown elevation of both jetties was generally 5 ft above 
low tide and the top width was 10 ft. The jetties were formed by placing precast 
_ concrete pieces of geometric design. These pieces, known as tetrapods, were | 


; sion. The tetrapods c consist of four symmetrically placed truncated conical legs 


ia ~ emanating from a common center. The unit weights of the blocks used in the 
BS Port Mansfield jetties were 5, 8, and 16 tons. Side slopes of the jetty mounds » 
were approximately 1 vertical on 1 horizontal. A typical section of the jetty is 


be Subsequent to completion of the locally constructed improvements, extensive - en 
deterioration of both jetties occurred. In November, 1957 severe storms pro- £ 


: ‘currents washed away material at the inner ends of the jetties and resulted in - 
‘Shore line | recession sufficient to flank both pottion.. eo: With the effectiveness of cnt 


‘jetties, which had been dredged to a depth of 16 ft. Field surveys were made > 

_ during February, 1958 to determine the present condition of the improvements 

_ constructed by the local interests e- No material changes w were found in any of © 

the facilities except in in the vicinity of the Gulf “entrance, "where the 
and entrance channel were found to be badly deteriorated and not functioning ail 


No evidence was found of scattering or displacement of the tetrapods, but very - a 

_ extensive subsidence had occurred. Indications are that the subsidence of _ q 
jetties resulted | from acombination of scour and compression of the base materi a 
als. Channels from 2 ft to 4 ft below the Gulf bottom had been scoured along — 
the | outer two- thirds of both sides of the north jetty and the north side of the = 


_ indicated that the base materials for the jetties’ consist of a sand layer, — 
from a few. inches" to several feet in thickness, overlying a soft plastic clay. 
_ Along the outer half of the north jetty, where subsidence had been most severe, 


Subsidence affected the north jetty considerably more than the jetty. 
ah Except for short reaches, the entire north jetty is now below the normal water — a 

ies surface with the settlement progressively greater toward the outer end, where ~ 
the highest points on the tetrapods are from 3- 1/2 ft to 7 ft below the water —G - 


face. From the midpoint of the north jetty, inshore for a distance of _—on- 


visible above the water over most of its length. . Photographs of the visible por- : 
tions of the jetties in February, 1958, seven months after completion, are » shown 
in Fig. 3. Recent inspections indicate little recent subsidence and the jetties may > 
i _ have become stabilized, or they are subsiding ata very slow rate. = = | a 
bel The high void ratioin the tetrapod jetties, which has been estimated at 50%, 
- results in very low efficiency in intercepting and holding littoral driftmaterials _ 
_ and in confining tidal currents. When the jetties were outflanked by shore line 
erosion, their usefulness for any function, except as a breakwater, was o- : 
-stroyed, even though s subsidence had not occurred. In the deteriorated condition, — ; 
the jetties afford no protection to the dredged channel from a maintenance stand- 


4 
— 
— 
— 
ee 5 ee few inches of coarse sand were found overlying the soft clay. Considerably 4 i 
##$=“more sandwas found along the base of the southjetty than alongthe northjetty. 
q ph 
— 
| 


aid channel ‘seaward from ; about the original Gulf shore line. . Moreover, 
without jetty protection, natural shore processes probably will tend to close — 
es this channel in the absence of major ‘scour forces from. storms or hurricanes. : 


.—CONCRETE TETRAPOD JETTIES AT GULF ENTRANCE TO 
PORT MANSFIELD, TEXAS 


eries of aerial of ‘the jetties and line | near the 


as; 


enenena feet inland have undergone extensive erosion andaccretion cycles all 
completion of the channel and jetties. The in and 
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FIG, ‘4.—CONCRETE TETRAPOD JETTIES AND CHANNEL THROUGH 
PADRE ISLAND PORT MANSFIELD, — 


— 


_ the comparative shore lines ir in Fig. 3 show these e changes. . Init ially of 
7 the entrance widened from 250 feet to 1,800 feet and the shore ends of the jetties ’ 
were widely flanked. In February, 1958 the shore ends of the north and south 
jetties v were, respectively, 100 ft and 250 ft seaward of the shore line. In the ae 

4 spring of 1958, however, accretion began on ‘both sides of the channel. Bid At the ee 
south jetty the shore line has built seaward 700 ft from its farthest landward 
location and now is 250 ft seaward of the original shore line. The accretion ex- = 
tends southward along the Gulf shore for approximately 3,000 ft. 
_ At the inner end of the north jetty, accretion has rebuilt the. shore line to ie 
5 connect with the inner end of the jetty and has formed a point on the south side _ 
@ 1958 but the present shore line is still 100 ft landward of ‘the original — - 

. line. The erosion of the Gulf shore extends northward for almost a mile anda 

half and at its widest shore | line is more tha than (150 landward 

- An estimate of the volume of sisiione south of the south jetty was made > 
Z from several beach profiles. This rough estimate indicates anaccumulation of | 

250, 000 cu yd of beach materials ina year and a half. This. quantity of material — 
a does not represent the littoral drift however, because of the movement of ma- 

= through the jetties. Similar estimates of the erosionthat hastaken place 
“north of the north jetty indicate losses of the order of 400, 000° cu since the 
_ Fig. 6 is a shore line and offshore depth cl change study of the Port t Mansfield 
Gulf entrance channel area. This plot shows the historical landward move-- 
™ ment of the mean high water line on the Gulf side of Padre Island, the rate | ct 
7 retreat being approximately 9 ft per yr. It is possible that land subsidence and | 
fe ‘beach depletion are significant factors in the indicated losses from Padre Island. 


_ However, ‘such factors have not been studied in detail. 


q nels inland from a point about 2,000 ft inshore from the former Gulf shore line 
of Padre Island. _ Extensive shoaling has occurred in the | last 2, 000 ft of chan- 
nel. Dredging would be. necessary over most of the channel to restore the di- 
Bes dredged by the local interests. It is estimated that saa aang 
000,000 yd of dredging would be required at this time to the chan 


PROJECT 
e survey the United States Congress, i in 
7 ‘September 1959, authorized improvement of the Port Mansfield channel as a 
Federal project. The authorization provides for a channel 100 ft wide on bottom — 
: Z Padre Island to the Gulf shore line. From the shore line the channel is made > ta 
A — 250 ft wide and 16 ft deep, out to where that natural depth occurs in the Gulf. = . p 
: “the north jetty to be 2,300 ft long and the south jetty to be about 2,270 ft long. — 
Planning stu to determine the feasible type = to construct were 
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completed on March ‘.. 1960. The data presented in the remainder of the paper 
r Study « of the most feasible iypes of jetties for the shallow-draft navigation 
oonienin included consideration of the two principal functions to be performed a 
he _ by the jetties. These are (1) preventing the flow of littoral drift materials through y 
a ra or around the ends of the jetties: into the navigation c channel, and (2) acting as 
breakwaters to permit safe navigation of the entrance. 
relatively impervious and sand tight jetty is to the passage 
he: of littoral drift materials. - Spacing of the jetties must be determined by con- hg 
; ‘Seoaaes of the optimum m distance for navigation and the location and lengths : 
ie = provide desirable breakwater action and safe navigation through theen- 
. The 1,000-ft spacing of the constructed jetties: 


‘shore line, which was considered satisfactory from this | standpoint. | It was de- 4 
_ termined that the new north jetty for the 16-ft project entrance channel should 
have an overall length of 2,300 ft. Studies also indicated that for an 18-ft project — 
= , the ‘north jetty should be extended to the 18-ft -ft natural depth, which ~ 

eo would require a seaward extension of 300 ft and an overall length of 2,600 ft. 
Similarly, for a 36-ft project channel, the northjetty should extend to the natural 

i 30-ft depth in order to act effectively as a breakwater, and the overall mage 


the jetty for a ft project should be 5, 240 ft. 


of the littoral drift materials on the south side of the jetty and by the break- - 

water and navigation requirements. A \ study and analysis the littoral ‘drift 
~ along the Gulf shore of Padre Island was made by the Beach Erosion Board. i ; 
= a indicated that there is considerable northward movement of prpedl 


y of ‘characteristics at Port Mansfield and Brazos ‘Santiago 

_ Pass was made to determine the effect of impermeable jetties at Port Mans- - ke 
field entrance. The comparative mean high water line and offshore depth con- ae é 
_ tours north of the north jetty at Brazos Santiago Pass indicate substantial loss 2 

of material from the beach and foreshore zones for a considerable distance to 

an the north since initiation of the project (data covering the period 1881 to 1939 
and 1948). ‘This evidence strongly indicates predominant northerly littoral drift 
at a substantial rate. However, these data indicate only a minor amount of ac- ¥ 
= to the south of the south jetty. It appears to ‘0 be quite probable tha that a very 
arge percentage of the littoral material movement to the north passes through 

the south jetty into the entrance channel. Maintenance dredging records of 
"dredging for the Gulf bar and jetty channel indicate an average removal of 352, 000 

_ cu yd per year for the periodfrom 1936 to 1957. Because the most likely n oe 
source of shoaling material appears to be littoral drift from the south, and > 

- the erosion rate to the north Supports this reasoning, net northerly rate of lit- 
drift at 300, 000 cu yd per yea 


ednecessary for breakwater action. ihe seawa 
= 
| 
— “we 


the same orientation as at Brazos Santiago with distri- 

_ bution. For design purposes the estimated 300,000 cu yd annual drift rate at 
_~Brazos Santiago Pass was considered to be applicable | to the Port Mansfield 
site. Based on this estimate of littoral drift it was estimated that the accumu- 

lation would move the mean high water line seaward along the jetty « over 10-yr — 
periods as shown in Table 1 and in Fig. 7. 
nd of the south jetty - should be positioned to provide « a ‘ta -on-60 bottom slope 
from the mean high water line to the depth to be maintained i in the jetty channel. 


fe With mean n high water at elevation 2 ft above mean low tide and the recommended De. 
jetty channel depth of 16 ft below mean low tide, the outer end of the jetty should 
be 1,080 ft seaward of the mean high water line. This criterion would require 

a total jetty length of 2,270 ft toretain the littoral driftfor a period of 10 yr. It ; 
- is considered that for the 16-ft jetty channel, the | ‘south jetty should initially be 
built to contain a 10-yr accretion of littoral ‘materials This would afford 
-10-yr period in which to study the actual rates of accretion of littoral materials — 
4 and the effectiveness of the jetty in retaining the materials. Further, it is be- 


the Is. 
lieved od posaibte that development of the shore north of the north jetty over the 


TABLE 1,-LOCATION OF MEAN HIGH WATER 


Length along jetty, in feet 


ig ‘ next 10 yr may increase the land values so that bypassing the beach saneriale 

_ around the jetties may be warranted to prevent the erosion that would result — 
- from loss of littoral drift caused by the jetties. The south jetty would have an b i, 


— length of 2, 270 ft. To provide satisfactory breakwater action for shallow - =i 


length of the south jetty for deep also determined from 


_ consideration of the same f factors. At an assumed angle of repose slope of 1- -on- 60 


ne for the littoral materials, a . depth equivalent to the entrance channel depth of 20 4 
for an 18-ft would be reached at a pointl, 320 ft from the high 


‘would be 2 2 ,510 ft haem. However, since the existing natural bottom- -Slope aver- a 
_ages somewhat flatter | than 1-on-60, a jetty length of about 2,930 ft would be 

oa Byes to reach the natural 18-ft depth contour. A nee § of 2,490 ft was con- 


E jetty length of 3,590 ft to reach an equivalent depth of 38 ft on the assumed — . 
of 60. Because of the flatter natural bottom - -slope, length of 5, 
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estimated ‘position of the mean high water shore line north of the 4 
posed north jetty 50 yr after construction of entrance structure is also indicated Bi : 


in Fig. 7. For lesser increments of time proportionate recession of the mean : 
“high water shore line could be expected. It is considered that protective meas Lara 


‘At the end of 10 yr, following completion of the jetties, the littoral drift would Soom 
ve filled the south jetty and started moving around the end of the jetty. _ The - 

- materials would theneither be moved shoreward and deposited in the — 
shannel, be moved seaward and lost, or be moved north across the entrance, : 
+ a where it would not affect the project. . Any materials deposited in the channe 
- would have to be removed by dredging to maintain the navigable p project depths. 

~The quantity of materials that might be so involvedis extremely problematical. or 
_It was estimated that Shoaling in the ; ctty channel, after the 10-yr interval fo fol- - - 

lowing completion of the jetties, would average 100, 000 cu yd fetes by 


anew for the jetties made an estimate of their condition at some future ci con- 7 
_ struction date highly speculative. Conservative estimating dictated the assump- = 

J 


2 tion that not enough of the existing tetrapods would remain to realize any ap-_ 
-preciable saving through their use. Accordingly, the designs were made on the aa 
“basis that new jetties would be constructed with their centerlines 50 ft south- | 
_ ward from the existing jetty c centerlines, and 1 would not utilize the tetrapod jetty. 
of the tetrapods that s were constructed 


* woe serve as additional breakwater and scour aye on the ‘north sides 


and would ‘Serve no useful purpose. 
Consideration was given toa plan the new jetties with | 
a concrete cylindrical cell piles, 54 in in diameter with side thickness — 
of 5 in. A stone filter blanket would be necessary along the jetty at the ground 
line to prevent scour from current and wave action. * This plan was discarded — 
because of anticipated difficulty in ‘securinga sand tight structure and the prob- 
ability of damage from impact and abrasion by movement of the 
along the base during periods of heavy seas. 
fhe Consideration also was given to a plan for constructing the jetties of solid 
S oe estressed concrete sheet piles with stone filter blanket erosion protection. 
_ It was found, however, that except in the shallow water reaches near the lll 
the loading forces of accumulated sand and wave impact would require substan— 


4 tial stone backing to be » placed along the wall to insure structural stability. Con- — 


- struction costs of a combination of the two types of construction were estimated oR : 


_ to be higher than for a stone jetty without the concrete sheet piles. If suitable = sf 
a _ construction equipment were readily available, it is possible that slight savings a 
j "might be effected by use of the concrete sneat piles onshore and in the shallow Aa 


water reaches offshore. 


long the Texas coast in | several as ects. ne : 


aS vessels and was considered to be the optimum length for a 38-ft entrance chan- | Tan «ae 
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eatures aimed at t making | the jetty impervious 3 to the | passage of littoral drift. 
_ ‘The 3- -on-1 side slopes are generally flatter than usual so that the size of the 


cover stone can be smaller. The cover stones are to be placed at random » so 


that the face of the jetty will be rough and irregular. The yet = permit > 


Si - foundation soil, and the pressures on the jetty from design waves and tide heights. 
Storm Tide and Waves. .— The ‘storm tide and wave heights used todesign the 
_ jetty were determined from a consideration of the magnitude of hurricanes that 
can affectthe lower Texas coast. The storm-tide height was based on the water | ; 
level response at Port Mansfield that would result from a standard project hur- 
-ricane crossing the coast on a path normal thereto and with its center south of 


Port Mansfield a distance equal to the reas of the region of maximum es 


ates Weather irene: Dept. of Commerce 
Central pressure, (27. 50 in in.; 
: 
Forward rd speed of storm, 1l knots; mond 


= Maximum gradient wind (Ve x adjusted for coriolis as aa 


ca ‘- = Maximum wind speed 30 ft above the water (0. 865 V gx) 95. 1 mi 4 


Wind set u up of water at 6 fathom dep th pling 
= = Shoreward rd velocity of sto1 storm divided d by mean f free wave ‘speed; 


Fetch divided by width of. continental : shelf; yous 
= Water lev level response f facto. 
; bobs, = A constant based on known storm tide ‘relationship, 1.62. 


The Sg developed by the Beach Erosion Board in connection with hurri-— 


The 
in the Gulf at Port Mansfield. ~The of occurrence the standard 
project s storm is estimated at once in 100 yr. bie 
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.. A study of the eisai wit heights that could d be generated at the c outer end a 
of the jetties by the design storm indicate that the depth of water would ane - 
the wave height, because the maximum ‘wave that would break in the available iz 
_ water depths could be generated 4 the design storm. The maximum wave, that 


« 


# —_ be reduced to 4 ft at the shore line because of the shallow water. ie 
Foundation Investigations.—In December, 1959 and January, 1960 fourteen 
_ undisturbed bo borings were made along the proposed new jetty alignments. Seven 


_ borings: were drilled on land and seven in the water. The logs of the borings 


‘The ‘Shore end of he jetties will rest 0 on n approximately 6 5 ft to 7 ft of fine sand. € 


= 


areas of the outer ends of the jetties. Occasionally sand is deposited by the shore | : 
ae over the soft clay beneath the outer ends of the jetties. Below the sand — 
_ "strata: on 1 the shore end of the jetties is a medium stiff clay lense 6 ft to 8 it 


length of the jetties. Below the soft clay strata a 3 ft to 4 ft thick soft clayey 
tos ‘Silty si sand strata is encountered. , Below the soft clayey or silty sand strata, - 
= clays « and dense sands are encountered to -adepth of atleast 50 ftbelow sea 


7 Moisture content, liquid limit, and grain size distribution tests were mad 


‘solidated- drained and unconsolidated -undrained shear tests were made on typical 

; - samples from the various foundation strata. Unconsolidated- undrained triaxial a 
* shear tests were performed | on typical foundation materials to check the test” 

Bs results obtained from the direct shear tests. Consolidation tests were also per- 

formed on the typical foundation materials. Composite consolidation curves for 
_ the typical foundation materials were drawn using the average of several curves i: 

Pigs, The soft clay strata is about 12 ft thick beneath th the ou outer ter ends ds of the e jetties. : 

a The average moisture content is about 50% and the unit dry weight is about 72 a 

ood ‘Both consolidated- drained, and unconsolidated-undrained direct shear tests 

4 were made on the soft clay strata. Triaxial unconsolidated-undrained shear 

test results were used to check the « direct shear test results for final design. 
used for design were selected from these results. 


detty ‘Section. —Studies based on the data obtained from subsurface explor- 


‘The section been designed to meet the 
- Prevent flow of littoral drift material through the jetty; (b) Be stable against a 

_ design wave height of 12 ft; (c) Be safe from shear failure in the soft a 

_ material; and (d) Reduce wave action between the jetties toa minimum. _ re 
jetty section that most meets the above would 


3 preven piping. The side slopes must be flat t enough to prevent foundation failure. 7 
A jetty section consisting of the featuring elevation of the top of jetty of #8.0 

; ft MLT, top width of 16 ft, and side slopes of 1-vertical-to- 3- horizontal is pro- 
Posed. A stone blanket 3 ft thick will be provided under the entire jetty and ex- 
_ tending from 2 ft to 15 ft beyond the toe. This blanket will be composed of pita 


_ crushed stone 1/2 in. to 200 lb in size. —— en of the om are e shown . 
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; 7 The core will consist of reasonably graded stones nen 200 b to 4,000 Ib in “a 
penal weight. In order to provide a relatively impervious core that will prevent flow 
. of sand through the jetty, voids in the center section will be filled with 1/2 in. nes 
aes to 4 in. material. The top of the core will be constructed to ‘5. Oft MLT to pro- ‘ 
_ vide an elevation that will be above the area subject to littoral drift after ex- : 
ae pected settlement of the foundation and in the jetty section due to rearrange- _ &§ 
_ ment of stones. Smaller core stones ranging from 200 lb tol, 000 Ib eee ee “ 
on the minimum size section constructed on land. pire 


Cover stones for the section of jetty nes from the shore line at elevation 


to 8-ton stones. On the outer 100 ft of jetty and the end section 2 layers of 6- ton 
ae to 10-ton stones will be used. Cover stones for the section of jetty extending — 


from the | elevation 0. 0 MLT tot the ~ton to 


conteriias of each jetty will be located 50 50 south the of t the 3 


‘The size of cover stones has been determined using sainamenanih formula as ; 
modified by Hudson. The average specific gravity of limestone investigated is 
2. 2.53 whereas thi that of the granite is is 2.63. A ‘design wave height of ‘12 ft at the 4 

_ end of the | jetties has been used. As the wave height will decrease as the | 


“ 


= is approached, smaller stone are used for the land sections. = © =. 
— analysis of the jetty and foundation | stability was made by the modified é: 
Swedish Slide method and by Jurgenson’s method. The modified Swedish Slide ; 
method gave the least safety factor. The section of the jetty deemed to be a 
nearly critical was at the outer jetty ends where the height was at a maximum — 
and the base of the jetties rests on the soft clay strata. The soft clay strata is 
_ approximately 12 ft thick with strong sand and clays below. — “Waconsolidated- 
-undrained direct shear tests give average values for the soft clay strata of 0. 25 
; tons per sq ft for the cohesion and 5.2° for the angle of internal friction. _Con- 
solidated-drained direct shear tests give a average values for the soft clay strata 
of 0.17 tons per sq ftfor the cohesionand 23.3°for the angle of a 
=s The unconsolidated-undrained triaxial shear tests onthis material give average 
“a values of 0.275 tons per sq ftfor the cohesion and 0.0° for the angle of internal — 
-_ trtetion The safety factors using test results from the three different types of 
shear tests are all adequate. Analysis using results from the unconsolidated-— Ag 
- undrained triaxial shear tests gives the lowest safety factor. @: 
Ge The majority of the expected foundation settlement will be due to consolidation 


of the soft clay strata - The settlement has been computed using the consolidation — 


“J tion of this ‘soft clay strata 1 ranges from | a negligible 2 amount or on | the: shore pore : 
- a maximum of 0.75 ft at the outer ends of the jetties. The total settlement. ae 
the jetty du due to the consolidation of foundation a: 1 jetty materials is ex- 


Surveys of the channel in the 2 21/2 yr since its completion have been made 
- eight occasions. These surveys varied from centerline profiles by fathometer 
to cross sections with sounding lead. A study y of the results indicates that fol- < 
a lowing the initial erosion atthe Gulf entrance when there apparently was erosior <a 
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verage shoaling increased from about 4 cuyd per ft inthe 14, 000- ft reach east 


& 


of the Intracoastal Waterway, to 8 cu yd pi per ft across the shallow - reaches of 
_ Laguna Madre, and about 16 cu yd oe ft in the 6 ,000- ft reach west of the Gulf _ 


tide gage gages have been at locations on 1 the channel 
since February 1958. The gages were located at the Gulf entrance, the Gulf 
Intracoastal Waterway and two intervening locations on Padre Island. Difficulties a . 
- with the gage mechanism prevented continuous recordings and, because the rapid > 
: - (doling on the bar affected the tidal flow into the channel, firm conclusions on 
‘tidal flows in the channel cannot yet (1960) be made. 
Tt has been established, however, that the water level in the bay | is ‘generally ' 
: rT ft to 2 ft higher than in the Gulf, except during short periods of the normal - 

_ high tide cycles in the ‘Gulf and during abnormal high tides induced by storm _ 
periods: in the Gulf. The ‘normal range of tide cycles in the bay is insignificant, _ “a 
being generally on the order of 0.1 ft to 0.3 ft. Sustained periods of south winds a 

_— cause a slow, prolonged rise ‘in the | water level of the bay, which is equally Slow — * 
to recede after the winds have subsided. ‘During these periods the water level _ : 


at the Gulf entrance by natural | forces, have been outbound practi- 
— the entire time. Velocities through the constructed reach of the channel 
‘range fi from n slight: to moderate, depending mostly upon the water levelin the Gulf. 
me rare occasions, high tides inthe Gulf will result in a reversal of the current 
7 _ for short periods of time. Farther inland, where the channel section has not 
reduced appreciably by current velocities are A 


: - slight to moderate velocity should prevail in the channel most of the cas to 
_ conclusion can be formed at this time (1960) as to whether or not the entrance — 


in based on studies made by in the 
* Engineering Division of the Galveston Districtand the staffofthe Beach Erosion _ 
_ Board of the United States Army Corps | of Engineers, in the design of the jetties aa. 
4 and channel at Port Mansfield, Texas, under the civil works construction pro- 
gram of the Corps of Engineers. Data on the design hurricane are from publi- 
3 cations of the USWB. The permission — by the seein of oe to pub- 
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"SYNOPSIS 4 
ia] 
” The closure of Old River is the crucial ao of the p me for flood con- 


and improvement of the lower Mississippi River. This operation involves 

an an initial rock closure, followed bya a final hydraulic fill. Geological features” 
hydraulic characteristics require this procedure in norder to provide > maxi- 


INTRODUCTION 
The dirdeeenee. tor the control of flows from the Mississippi River in the 
es of Old River are planned primarily to prevent the Mississippi River | 
[> v- from _ abandoning its present channel 1 below O Old River and adopting the cc course — 
‘the Atchafalaya’ River. The p primary intention is to prevent the change 
I ge of the Mississippi River by the interposition of safe and stable struc- 
tures and by the control of flows to suitable volumes, and, with these same 
; thw, to ) enlarge and maintain at no more than a safe value, the flood- -carrying . | 
a The authorized project for Old River control provides for construction of a — 
controlled” diversion system of Old | River, completion of the right bank 
a closure dam in Old River. The new diversion system consists of a low- -sill 
3 structure in the levee line with appropriate inflow and outflow channels to con- 
trol! flows below bankfull stage, and an overbank control structure to be ope * 
- ated for the diversion of excess flood flows from the Mississippi River. A ba ; 


_ Note.—Discussion open until February 1, 1961. To extend the closing date one month, | 
a written request must be filed with the Executive Secretary, ASCE, This paper is adi 
* the copyrighted Journal of the Waterways and Harbors Division, Proceedings of et 

of Civil 86, No. WW 3, September, 4 

S. Army Engr. Dist., ‘New Orleans, New Orleans, La. 
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‘navigation lock ena cha nels are under on the south 


‘bank of Old | River, adjacent to the closure, to provide continuation of es 
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dam in Old River is located 2, 100 tt downstrea 
" _ from the site of the former Texas and Pacific Railroad Bridge (Fig. 2). The 
—_— is about 11/2 miles from the junction of the Mississippi River = Z 
- Qld River, about 5 1/2 miles from the junction of the Red, Atchafalaya, and — 


Old Rivers, and about 6 1/2 miles southwest of the low- sill and overbank con- 
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the: lock — ‘construction (1960). 


alignment with the centerline of a onan bridge to be provided a 5 tei s the 


that an initial closure consisting of a rock dam would be constructed approxi- 
mately 1,900 ft downstream | 


i available material did not meet this criterion. Accordingly, it was determined — 


m of the location of the main dam, to a minimum a 
~ vation of. +17 ft ms] with a 30 ft crown sloping downstream 1-on-3, and with > 


slopes of 1-on-1 on the upstream side and 1-on-2 on the downstream side. a 
blanket would on the = the rock dam. 


5 


Be 
SATCHAFALAYA 


— ‘main ‘dam is tobe an earth structure sand the riv- 
er bed and of clay and silty soils obtained from an adjacent borrow area. . Ti : 
top of the dam will be at an elevation of 68.0 ft above msl. The height will ae : 
range from about 20 ft near the river bank where it connects with the levees, 
_ to approximately 99 ft at the deepest part of the stream. The structure will | 
be nearly 1, 450 ft long with a crown width of 60 ft. The side slopes from the 
& of the dam down to an elevation of +37 ft msl’ will be 1-on-4. Below the ye 
= elevation +37 msl the side slopes will be approximately 1-on-20 for a aa 2 
tance of 500 ft the centerline, 1- -on- to the b 


ae 


of Old Ri River is an integral part of the history « of the 
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“result of variations in eds Pleistocene 
_ epoch, the Mississippi River in the vicinity of Old River and elsewhere in the © 
Alluvial Valley became deeply entrenched in older sedimentary beds. Later, — 
we the entrenched valley was partially refilled and buried with sediments that — 


"were washed into the entrenchment numerous tributary streams and graded 


sur- 
gradient was reduced, , and the alluvium that was carried by the river and de-— 
‘a posited became finer. The river changed from a braided to a meandering» 
stream with systematic channel migration that Tesulted in the — of ff 


_ The material filling the alluvial valley has been divided into a substratum "4 
"consisting of clean sands with ‘some gravel, and a top stratum consisting o of 
clays, silts, and silty sands. Based on the manner in which the sediments were 
e - deposited and on the characteristic gradations, the top stratum has been sub- ia 
i. divided into a point bar deposit consisting predominately of silty sands, a chan- : 
sh Be. nel filling deposit consisting of lean clays and silty sands, a back- swamp de- — 
posit composed mostly | of fat clays, and a natural levee deposit “composed 


@ 1831 a large meander loop of the Mississippi River occupied the heets and or 
- the lower or southern limb of the loop was located along the present course of < 3 
(Gia iver: _ At that time the Red and Atchafalaya Rivers were directly con- 
“ a. nected with the Mississippi. The Red River joined the Mississippi at the north- 
we west s section of the meander loop, and two miles downstream fr from this junction 
# the Atchafalaya River formed and flowed away from the Mississippi. In 1831, 

— a _ Capt. Henry M. Shreve cut a channel through the narrow neck of land at the © 
eastern end of the loop which expedited a natural process and caused most of . 
ie the flow in the Mississippi River to by-pass the loop and follow the shorter 7 

cut-off route. Some flow continued through both the upper and lower limbs of 
i = loop, but reduction | in flow through these channels caused sediments to be 
i ae mig and partially fill them. Finally, aided by some dredging at the mouth | a 

of the lower limb, the upper limb silted-up and the lower limb became the only 

connection between the Mississippi, Red, and Atchafalaya Rivers. The present 
ir, Nee channel of Old River is, therefore, a channel, within a large channel of the 


7 Mississippi, which has been partially refilled with sediments. _— 


4 . General- -type borings were . made | in Ola River and ‘along it its banks, in the 


area where the closure is located. _ These borings extended to elevations of 


ft to -120 ft 1. Driving resistances on a split ‘spoon sampling device 


closure to -68 and -56, ‘respectively, undisturbed samples vere, 
from | 
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the ‘borrow area on north side of old River to the final closure 
a banks of Old River in the vicinity of the closure site consist generally bag 
i : of a - surface layer of sandy silt and silty sand 5 ft to 20 ft thick overlying a os 
layer composed of lean and fat clays ranging from 20 ft to 50 ft thick, which is ‘ost 
4 underlain by fine sand. There is a deposit, predominately of clay, varying — 
from 20 ft to 40 ft thick lining the bed of the river extending from bank to bank 
in the vicinity of hydrographic range 49, (Fig. 2. Clay deposit extends 


SW 


downstream about 900 ft and approximately the same upstream. Pro- 
el gressing further upstream the clay in the river bed becomes thinner and, at a 

‘point 2, 700 ft ‘upstream |! from range 49° and continuing towards the Mississippi, 
there is no clay, as disclosed by the borings taken in this reach. was noted, 


Old River opposite ‘Carr Point. and the bar on n the east ‘side of the 
_ Mississippi River opposite the entrance to Old River consist of fine sand. s* 
_. The borrow area on the north side of Old River, adjacent to the closure — 
- area, is predominately fat clay toa depth of about 20 ft below ground surface. 
_ Beneath this surface clay stratum there is generally a stratum composed — 
& sandy silt and silty sand which changes: gradually with depth, to fine sand at 
elevations varying between -3 and +25. . Figs. 4 and 5 show sections of the 
initial and final closures and the results of borings at these locations. ele Lie, 


and representative curves of these findings we were plotted. Permea- 
4 bility tests were run oncomposite sand samples from borings that were repre- 
sentative of the ‘sand to in the main ‘closure. Consolidation, un onfined 


general type 


made in the ne east side of the Mis 
ment, and in the sand bar on the extended to elevations -65 ft 
“= | 
a n these ranges. A 
d 49, is not continuous betwee istance of about 
the sections of ranges 39 on range 39 extends for a ler, 
sand bar centere sured with a standard split s 
iving resistances, mea — 
000 ft. Dr g — 
— 
q 
clad 
\ TUSSIU, he final closure. — 
area of the lays obtained from — 
— les of the clay — 
a rection and quantity of flow ld River, and the stage at th |. — 
The direction anc i River at the mouth of 


number of ieee of flow toward the Mississippi River fos gradually decreased, 
aes so that since 1942, with the exception of 9 days in1945, the flow has been aa. ; 
__ the Mississippi River to the Atchafalaya River. Prior to the final closure the q 
- overbank structure, the low-sill structure, and the connecting channels will be : 
eta. Remaining to be completed (as of 1960) before Old River can be 
closed is a channel connecting the Mississippi River with the low- -sill struc- 


ture, a and ‘the levecs the Mississippi Ri River to. the ends of the closure 4 


DISTANCES IN FEET 

cig 20 JUNE 1956 
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Fig FIG, 4,SECTION AT ROCK FILL DAM 
 low- sill structure will raise the stage at the lower end of Old River and, con- ve 
sequently, reduce the flow from the Mississippi into Old River. As material 
is placed in Old River to make a closure fill, or after a submerged partial clo- 
fill has been constructed and the stage inthe Mississippi River is falling, 
_ the discharge in Old River will decrease until final closure is coreg stony 


' _ ‘The Red River is likely to rise e rapidly | during a a flash flood occurring at any | 


as regular a seasonal discharge sequence as the Mississippi River. Although a 
- ai some flow from the Red River can be anticipated during the season when the 
my _ Missiesignt River is at a stage of about +45 (by chance this flow could be large : 


dam less than 1.0 ft. "Therefore, the flow from Red River was not included in = 
4 the study for either highwater or low water conditions of flow. The use of the af 
lock to divert flow is not contemplated, but the culverts in the lock walls could e: 
used for short durations in emergencies. Since the soils the 


Red, Atchafalaya, sad 
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1960 


Poin Initial consideration was given toa plan whereby a a fill would be c constructed 


oft successive layers of sand, gravel, and rock, each to the limit of its stability 
- under prevailing velocities. This would be done on the alignment of the levees _ 
- and of the bridge over the lock. Involved, however, would be the difficulty of — 
controlling the placement of materials to the extent necessary to prevent a 
crevasse | from occurring, especially while the rock is being placed. Ifa cre-_ 
_ vasse should occur through the rock while the closure is being made, it would 
extend rapidly into the finer grained gravel and sand and make it impossible i 
§ to prevent the scouring out of the greater part of the fill. No further consid- 
eration was given this plan, due to the inherent risk involved. BI an oes 
om Study was made of a plan to make a single complete dredge fill on final 
alignment gravel, clay, or coarse sand. This was discarded pri- 


MAIN ‘CLOSURE D 


-ning’s formulae disclosed that it would be impracticable to cut off flow enemt 


ti Preliminary studies andc computations based on tractive 


fs Old River by constructing a single fill across the river with locally available | 


eo sand because of the high velocities s that would occur while making the the closure. 
It is apparent, therefore, that before the main closure dam could be constructed 
_ the flow would have to be cut off by constructing an initial closure fi l. The 


ed flows with rela- 
> lower part of the would result in serious 
— — 

— 

ad 
— 
| 

Walter JV Means Ol a hyd “a 
fF 
&@g 
ae ~~ sisting of sand at the base, rock at the top, and gravel ees — iii 
Brock. ubmerged rock fill, on 
ing the highwater s beginning — 
3. hat will cut off flow as the river falls at the b 


4. Similar to method 3, except that concrete -tetrahedrons be used 


4 Similar to method except that layers of willow or frame crib timber 


Method 1 was “rejected after explorations that there 
not enough suitable clay available within economic reach of the closure 
site. Method was rejected after itw was disclosed that there: was inherent risk 
- would allow scouring through the coarse materials down into the underlying 
_ finer material. _ Methods 3,4 and 5, are similar except for the materials used. _ 
Because of the ‘comparatively high "estimated cost of building and placing con- _ 
crete tetrahedron blocks, this method was rejected. Although the estimated . 
cost of the rock fill closure, method 3, was slightly more than the cost of | 
_ method 5, itwas selected for making the closure because it was - considered the 
more stable and easier to construct. It would be very difficult and eee, 


The 5 site a o~ initial rock dam closure was selected because the cross sec 
tion of the channel is nearly symmetrical about ae center line and —* 
uniform at this location (Fig. 4). The rock fi fill will be con- 


i "merged rock fill are that its top elevation be just high enough to insure cut off 
42 of flow fo for any stage condition 1 likely to prevail as the Mississippi F River stag Fe 
falls preceding the low water ‘season, and that the rock be large enough to re 

_ main stable under the highest velocities that will occur over the dam. From 
te a study of the daily river stages which have occurred since 1931, it was de- | 
termined that elevation +17 ‘msl was the minimum elevation to which the sub- f 
merged fill could be constructed with reasonable assurance that it would cut ; 

‘a flow long enough to provide sufficient time to complete the main closure > 

«fill. | The periods when the stage was below elevation +17 during 1931 to 1956 — 


‘Studies based on the stage-discharge that at thetime 
: the rock fill will be completed, and during the early part of the falling stage © 4 
4 period, the highest velocities over the rocks willoccur at the upstream shoul-— “a 
BS ..” der of the fill. This condition will prevail until the river falls to a stage at 
whieh ¢ critical depth of flow at the crest is reached. Thereafter a hydraulic — 
jump will occur over the rocks and will move downstream progressively as 
the stage falls. The highest velocities will occur just upstream of the jump. _ 
For the size and shape of fill selected, the computed velocities of flow over 4 
wie the rock fill for various stages in the Mississippi River or various Gomes g 
aa are shown on Fig. 7. The quantity of water that will flow through the rock fill 4 
Was not included in the analysis of the flow over the rock fill and in determi- 
ig ning the stability of the rocks in the fill. It was determined, by computations, — a 
: ; that the mean velocity at the crest of the dam will vary from about 9 fps at a 
stage of about +45, to 15 fps at a stage of about +30. The mean velocity just" 
_ ‘upstream of the jump will vary from about 15 rT at a stage of +30 to a maxi 7 


For a maximum velocity. of (22 and at a unit weight of 115 Ibs per cu ft 
for the ‘Tock, the requi 
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Shall be 2 a Posen or heavier in weight will be used to make the rock closure 
The side slopes of the rock e will be 1- -on-1. -25 on the upstream side and 1- 


in a 4 model study at the United States Army Corps of Engineers Waterways 
ie _ Experiment Station at Vicksburg, Mississippi. Based on this study, the pro- =p. 
a _ posed Slopes are considered necessary to provide a reasonable factor of ‘safety. 


4 The study disclosed that a seal blanket on the upstream slope of the rock fill 


a result, a seal blanket consisting ofalayer | of 1 riprap 4 ft thick and a layer : 
& of rt or shell 1. 5 ft thick will be placed on the upstream slope of the rock a 


Size, 


Gravelor Shell (Finer Layer) = 


. an prevent erosion of the soils in the river bed at the | ‘base and downstream of 
tee the rock fill, and in the river banks above the elevation of the crest of the rock _ 
4 fill, a lumber mattress and a gravel blanket wil! be placed over the river bed ¥ 
and on the banks, respectively, as shown on be 8 and 9. A layer of riprap : 


ao be 5 ft to 6 ft thick, extending up the slopes of the banks from approximate _ 
levations | -5 to +35 msl (Figs. 8 and 9). ‘The second placement of derrick gS" 


tone will be placed over the riprap fill and will be accomplished with a mini- 


Bai; op of the rock being placed in order to avoid placing stone in high velocity aii 
+ currents. It would have been desirable to locate the rock dam so that it could a 
ae inediperated in the downstream portion of the main closure dam, but this | 
_ was not possible because of hydraulic requirements of the initial closure and — 
the required alignment of the main closure with the ial across the naviga- 
DESIGN OF MAIN CLOSURE 
ih The suieaiilid. cross section for the main closure dam is shown « on Fig. 10. a 
lower of the fill will be composed of sand ai and the upper p ‘part of 
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-Minimum tailwater when 


Frick stone 


ROCK FILL DAM 


.—PROFILE ALONG CREST FILL DAM 
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(Hauled fill) 
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| 
we 
and the 1-on -20 af 
slope above an water surface were based on ‘the natural angle of repose of a a 
previous hydraulic sand fill made across Old River at its entrance with sand ie : 
‘obtained from the bed of Old River. The remainder | of the main closure fill a 
- will consist of clay hauled from an adjacent borrow pit and compacted into a 
= ‘section with 1-dn-4 side slopes and a crown 60 ft wide. The exact height to &§ 
j Fi which the sand portion of the fill will be constructed will depend upon the river Be 
‘ 2 stage at the time it is placed. A blanket of clay, 5 ft thick , will be placed on oe 
the upstream side of the closure over the sand fill exposed above water, and 
over the sand bar for a distance of 400 ft upstream from the closure center — 
s tine, for the purpose of reducing seepage through the embankment. A portion — 
of the completed dam along the south one third of the river crossing will be 
located over a clay stratum which extends in to elevation 


‘Based on an assumed failure tothe bottom of this oe and using the Psy 
ag shear strength in the clay, and the seepage influence indicated by the flow net, | #4 

ee ae the proposed dam has a minimum factor of safety of 1. * Assuming a friction 7 
- angle of 25° w with sudden drawdown to elevation +3.5 within the 1-on-6 slope of Es 

_ the sand fill on the downstream side, the factor of safety with respect to shear a 
failure is 1.2. This factor of safety i is aoe — Reeety drawdown ae 


will occur due to consolidation of the this amount 0.8 ft will 
occur during construction and 1.3 ft after construction. Allowing 1.5 ft for 


tat consolidation of the fill after construction the estimated crown 


‘SEEPAGE 


im pervious blanket on the upstream side, and the base of the Seeman a 
be in contact with the substratum sand as disclosed by the borings. _ Seepage 4 


‘the substratum sand beneath it, as shown by the flow net. 
‘The flow net was based on a permeability of 50 x 10- -4 om per sec a 
hydraulic fill ‘sand; horizontal and vertical permeabilities of 400 x -4 and 
100 x 10- per sec, re respectively, for the substratum sand between en eleva- 
tions - -35 and -75, and 1,000 x 10- and 250 x 10-4 cm per sec, “respectively, — pS 
poe The ‘permeability - of the sand fill was determined from the results of per 
‘meability tests on composite sand samples from the proposed borrow area, 
- the permeability of the ‘substratum sand was based on the relationship be- dee 


q 
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‘September, 1960 
at Old River lock site. The ‘maximum amount of seepage that may occur ‘on 
A . the downstream side of the closure fill, as disclosed by the flow net will be : 
—— cu ft per day per linear ft of embankment. Seepage in this quantity > 
ccur only at high river Tr stage v when the embankment is first completed, — eee ia 
yi 
Materials for the ‘hydraulic fill portion of the main closure will be obtained ~ 
from the sand bar on the south bank | of Old River and from the river bottom on 


= the wilh be located a minimum distance of 500 ft from the 


impervious blanket will be obtained from a borrow a area lonated adjacent to the | 
closure on the ‘north § side of Old River, as Shown on on Fig. ‘It is contemplated 
es) that materials excavated from the channels for the proposed navigation lock on 


-making the closure. _ However, should the closure be constructed prior to ex- 

-cavation of the channels, suitable materials from the channel areas will be 

a Riprap and stone are not available locally and will have to es obtained else 3 
to the site of the work in 


initial closure (rock fill I dam), and construction of the main 


distance from. ‘the depending c on the of the 
water and depth of the river. Soundings will be taken to determine the actual 
location of the dumped material on the bottom of the river, then the distance 

pstream to the dumping point will be adjusted 


season in the year preceding the ‘construction of the main closure, an area 
{ - consisting of a strip 300 ft wide extending across Old River will be ‘prepared 


a base for the initial rock closure. AS shown on ‘Fig. 2, the upstream 


a _ ‘The upper banks of Old River within the base area will be graded t to a rr -on-. 3 
ae or flatter slope. A continuous lumber mattress will be placed over the base 


area below water . The upper banks above water elevation will be paved with _ A 


~in. layer of gravel covered with /24-in -in. of - The portion of 
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| 24- in. ot} riprap to a upon which to the 1 and larger 

_ Stone. _ The riprap will be delivered to the site on barges and will be handled 

from barges by « draglines ata minimum rate of 1,000 tons per day. The rate = 
is based on unloading two barges a ata time by dragline. Estimated time re- 

quired to complete the preparation of the base is 50 days. This work is sched- 

uled to be done during the months of August and September of the first con- ! 

struction year, but may be done in any suitable period, preceding placement of " E 


. Construction Of Initial Closure (Rock Fill Dam).—The initial closure will 
___ be accomplished b by placements of riprap and stone during t the high water sea- 
son following the preparation of the base (Figs. 8 and 9). Placement o of the 
stone will be interrupted or discontinued when the difference between the head- 
te water elevation and the elevation of the top of the stone being placed is 18 ft or 
a less, as would have occurred in the years 1931 and 1954 (Figs. 11 and 12). 
is to insure completion by the 23rd of March, 
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Stone Dertich Stems... 
_ Ist Placement— |/ 


N AND STAGE 


/- SEQUENCE (OF CONSTRUCTION — 


“Fic. —SEQUENCE OF CONSTRUCTION FOR 1931 
hich is the Limiting time for commencement ie the second placement. is 
ate was established from hydrographs ae trie”? the lowest high water sea- a 
sons during the period 1931. through (1956 (Fig. 6). The placement of r riprap ue 
stone is scheduled to be accomplished at the same rate. The commence- Cin E 
faa the riprap placement may be advanced, however, if desired to oS 
_ January 1 and the placement rate reduced accordingly. The first and second 
placements of stone will be made scheduled or faster. The seal blanket 
Be will be constructed when the head over the rock fill dam has been reduced to 
“4 about 3 ft and a continuous fall in stage is predicted. 
The Tiprap will be placed in horizontal layers 3f 3 ft to 4 ft thick elevation 


ie thick of 2 1/4 ton stone extending up each bank from elevation -5 to elevation 

= +35 msl (Fig. 9). The second placement will be accomplished by progressively 

‘building up the cross” section above the riprap in horizontal layers about one dl 
thick to attain an slope of 1- -on- 25, a crown of 1-on-3, 
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continue until the initial rock fill is completed to elevation +17 msl or to the 
¥ . maximum elevation reached before t termination of construction due ti to the lim- 
siting depth | of water flowing « over the rock. A review of the hydrographs, 1931- 
Be. 1956, shows that the rock dam could have been constructed to elevation +17 AA 
# msl in 19 of the 26 yr. In the other 7 yr the initial closure could not have been a ; 
constructed to elevation +17, but the low water following the _ placement of the 1 
3 stone would have been low enough to insure final closure. 2 ee ee 
Pw To allow for settlement, and stone and riprap placed out of section, the © 
k _ quantities of stone and ‘riprap required were computed on the basis of 1. 75 tons — 
es per cu yd rather than 4. 35 tons normally used for dry land construction. In 


a addition, ae quantities were increased by about is 2 to allow for other con- | 


nda s ype of -on- 8). of the 2 1/4 ton will 
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Hydraulic Fill 


SEQUENCE OF CONSTRUCTION - 
Construction of Main Placement of of the » hydraulic fill will be 


commenced on or before “August 15, as river conditions permit. The construc- 
tion schedule shown (Fig. 6) contemplates commencement on August 15. oad . 
: that time, based on past records, flow in Old River will either be cut of com- } 
3 pletely by the : rock fill or it will be reduced sufficiently to permit the place- 7 
7 ment of sand without appreciable loss. _ The sand will be placed at a rate that 
- will insure completion of the portion of the closure cross section uptoeleva- 
tion 0 msl in 15 days, to elevation: +28 in 45 days, and up. to elevation —— 
Based on the assumption that 50% of the m material pumped by ‘the dredges _ 


will remain in the planned c cross section, and an average rate of pumping for = 


one dredge | (including allowance for breakdowns) of 35,000 cu yd per day, two 
dredges will, be to accomplish the fill work according to. 
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“the afore- mentioned ‘schedule. The relationship of the sequence of construc- 
a tion of the hydraulic fill to average hydrographs is shown on Fig. 13. ay eee 
a a" study of actual hydrographs shows that in most cases (22 yr out of 26 yr) 7 
the schedule could | been followed without interruption. The year 1950 
Ho (Fig. 14) represents ‘the worst of four cases where the schedule could be dis- E 
rupted and delay could result because of prevailing abnormal high stages dur- 
ing the months of September and October. The year 1945 (Fig. 15) represents 
the only y case in which a a rapid rise and abnormal high . water during the low 
water season would have almost overtopped the fill. 
“a Based on the records of the past 26 yr (since 1933), ti 


he construction se- 

quence s shown on Fig. allows sufficient to complete the hydraulic sand 

‘mie - Portion of the closure fill with two dredges. It will require about 56 days for : 
Bras. gp the sand fill if normal conditions por and 94 days if the most “- 
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ip SEQUENCE OF ‘CONSTRUCTION 


FILL 


FIG, 13, _—1935-1954, , AVERAGE SEQUENCE OF 


a served for the final portion of the fill. _ The height to which the hydraulic fill ie 3 ; 
g rate will be built will be limited by the stage prevailing at the time the fill is com-_ 
= pleted. For estimating purposes this height was assumed to be at elevation ul 
ac a Hauled Fill.—Immediately following the completion of the sand hydraulic 4 
erg fill, hauling equipment will commence placing and semi-compacting the hauled fl 
a a fill portion of the main closure and the impervious blanket on top of the sand se 
fill and sand bar. The estimated time of completing the hauled fill including _ a 
pe. the impervious blanket is 45 days. An alternate plan for the hauled fill em- 3 
< bankment is provided in the event that adverse weather or river stages ri 


— 
— 
— 
= 
$54 
— 
For x nd the dr 
ga sand fill would be washed out during construction a ting the hydraulic nn 
ae _ sand fill wo : f about 38 days. In construc a> 
iq to stand bv idle for a period of a 
$4 


“September, 1960 
The | requirement of the alternate construction plan is to complete 
- stable embankment across Old River to elevation +68 ms} by hydraulic meth- one % 
od during the low water season. . The fill material will be ‘Sand except for an — ie : 
impervious clay blanket to be p placed | on the upstream slope. . Based on a pre-— a 


vious sand fill made in Old River 1 run-off from the dredge discharge 


over sh 
r phases a as described below 
as shown by the cross sections on the sketch, Fig. 16. A clay blanket will cid 
_ be added on the upstream side as Phase V. + In Phase I, the embankment will Heir 
e be placed as planned in the design memorandum to about elevation +45 msl oes 
with side slopes of about 1-on-20 to water surface and 1- -on- 6 below water — ¥ 
‘surface. os In Phase Il, ‘retaining dikes located about 200 ft each side of and 
parallel to. the ‘embankment centerline will be constructed with sand obtained 
from the center of embankment, as shown on the sketch. These 
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_ ditch will be excavated on the north river bank to drain-off a waste * 

_ water. The ditch will be located generally along the embankment centerline Wiad 7 
where it commences and will be normal to the river for a distance abo t 200 


_ ft from the river. From there, it will circle along -the river bank and inect 
a back with the river about the embankment. The bottom of the ditch will be . 4 
about elevation +42 msl, and will drain off the waste dredge water between the © 7 

e retaining dikes but willalso ) permit water to be impounded on the hydraulic fill ay ‘i 
between the retaining dikes without over topping the dikes. 
2. In Phase III, a second lift hydraulic fill will be placed between the retaining 7 
dikes. This fill will be constructed mostly in impounded | water to about eleva- i 


tion +55 msl with ultimate slopes of i -on-20. The waste water run-off during 
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‘construction of Ph will either flow through the ditch in north 
_ bank or seep through the embankment. In either event the disposal of the wast 
water will not result in erosion of the fill. The hydraulic fill in Phase III = 


Pe be constructed from the south bank progressively across the river. 
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SEQUENCE OF construction 


15, SEQUENCE OF | OF CONSTRUCTION FOR 1945 


‘PHASE IIT 
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PHASE TV-RAISING AND SHAPIN ~ CROWN OF FLL 

FIG. 16. —ALTERNATE HYDRAULIC CLOSURE 
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‘The impervious blanket in the north 


Old River between approx mate elevations +25 5 and +501 msl du ng high 
= water ' stage, 01 or from the men stratum beneath the ‘sand bar near the south — i 


4 blanket. Use ofa dredge will wash away the sand fill. 
The use of the hauled fill method proposed in the basic in lieu of the 
& hydraulic fill method for construction of the upper part of the main closure 
_ embankment was based onthe comparative costs of the two methods. The only — 
disadvantages to the use of the hauled fill method are that extreme, abnormally 
high water or unusually heavy rainfalls occurring during the dry season when — 
construction is could disrupt construction to the extent that a 


— not be difficult to change from the hauled fill method to the tgdrenlic fill 
method and complete the embankment in an emergency. The use of the hy- | 
- draulic dredge method has the advantage in that it is not affe: vted by weather. | 
Should the river rise rapidly during construction as the embankment 
being raised, the hydraulic method would be ideal for placing the fill. A rise 
in the river from elevation about +17 to between 35 and 40 occurring concur- 
4 rently with the placement | of the hydraulic fill would make it possible to la 
plete the embankment by the hydraulic fill method without retaining dikes. = 
However, such a rise during the low water season is very unlikely. The all-— 
hydraulic fill method has the disadvantage of high cost and the possibility that 
the retaining dikes could break and wash away some of the main embankmen t 


The construction plan for the Old River semece is based on 26 yr of river + 

_ stage records, 1931 to 1956 inclusive. These indicate that the closure could - 

_ have been accomplished in any year during this period, although, in four cases, 

some trouble would have been experienced. . Records prior to 1931 (1871 to = ; 
} 1930), indicate that in 1905, 1906, 1915, 1926, and 1927, the river Stage | was not zi 4 

elevation +17 msl long enough to permit completing the main closure as Bi 
planned. It is possible, therefore, that adverse conditions could exist so that 


closure could not be made ina given year. It is considered practical, preier-— ma, 


able, and sound engineering practice to follow a plan that will assure against eae 
all conceivable possibilities with flexibility where dictated. Recognition should 
be given to the fact that any plan for a river closure must take full account of _ 

_ the geology and soils of the area and the hydraulic characteristics of the stream i ’ 

in the development of the proper engineering and economic solution. —_ ar k 
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of the Old River Control ‘Project is being under the 
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DESIGN OF OF INLETS FOR TEXAS COASTAL L FISHERIES 


y H. P. 1 Homer C. | 


to permit fish passage through the littoral barriers and induce Gulf water 
ae? in iterchange fi for control of bay salinities are presented. Rollover and Yarbor- — 
= passes illustrate extremes of erosion and Cedar Bayou 
There is a lions need for r additional inlets— locally called fish pa passes— 
tateash the barrier islands of the Texas coast, for the improvement of the — 
- coastal fisheries. Since some sport fish spawn in the Gulf and move to z 
bays, while others spawn in the bays and move to the. Gulf, provision for the 
i Sh free movement of fish through such inlets is being made to improve the fish- 
; ive The bays in the humid eastern region often tend to become too fresh or too 
= - lowin salinity, while those in the semi-arid southern region of the coast often : 
_ become hypersaline and starved for Gulf water interchange. Reasonable con- — 
trol of these bay is 2aother function of artificial coastal 
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Itis the design intent to provide, so far as possible, natural inlet 
these passes, eliminating maintenance dredging and stabilization works. 
on q ee. Note.—Discussion open until February 1, 1961. To extend the closing date one month, [im 
written request must be filed with the Executive Secretary, ASCE. This paper is part = 
of the copyrighted Journal of the Waterways and Harbors Division, Proceedings of the 4 
American Society of Civil Engineers, Vol. 86, No. WW 3, September, 
1 Asst. Head, Civ. Div., Lockwood, Andrews & Newnam, Cons. Engrs.. Houston, Tex, 
of CorBus Christi, Tex., Office of Lockwood, Andrews & Newnam, 


differentials, size of littoral ‘material, ‘median velocity, littoral trans- 
_ port intercepted from both longshore directions, — sediment transport, use of eee 
the Gulf bar as the automatic mechanism for dynamic balance, and vealinity 
The locations of the various passes alae coastal Texas are shown on Fig. 
| These inlets are the only connections through h the barrier reefs between 
the Gulf of Mexico and the shallow coastal bays. 
s Rollover Fish Pass, near Galveston, is used to illustrate a short, high ve- ce 
- locity pass which, prior to extensive stabilization, eroded considerably. Water 
_ interchange is needed here to control low salinities. Littoral 
predominantly westward, with corresponding downdrift beach erosion. 
ot Yarborough Pass, now closed, | is used to illustrate the other extreme of 


4 _ Cedar Bayou Fish Pass illustrates a small, natural intermittent pass with © - 
the design extended to the elastic limit or yield point toward siltation. ee 
ae A proposed Boggy Slough Fish Pass illustrates a large water ae 


3 


_ pass for control of hypersalinity in the semi-arid regionof the southern coast, 
and a proposed Christi Fish Pass a design. 
DESIGN INT INTENT PROCEDURE 
The the Texas Game and Fish show that va 


wo to open or maintain fish passes were begun in 1939. These attempts— 
largely unsuccessful and undertaken without application of tidal hydraulics 
were made by. dredging at the Old Corpus Christi Pass, Cedar Bayou Pass, — 
Yarborough Pass, and Rollover Pass (see Fig. 1 for location of passes). In 

1952, serious engineering studies were begun, to develop a proper design pro- 

cedure for these inlets (fish passes) through the barrier islands. a a 


>. 1957, tidal and beach erosion data were secured at Rollover Pass by ge 
S. Beach Erosion Board. In 1958, the Texas Game and Fish Commission 
secured considerable basic at Cedar Bayou and, finally, in 1959, suffici-- 
a ent. data were secured at one locality, the Upper Laguna Madre, to cart 
completion of a basic design procedure for fish passes. 
Several of these passes” along coastal Texas (shown on Fig. 1), including 
the unsuccessful attempts, serve at least as a full-scale, wide-range experi- 
_— mental program on which to base the development of the design procedure 
_ presented herein. It now appears quite probable that the design intent of pro- | 
_ viding an inlet that operates: naturally, or with a minimum of maintenance — 
4 dredging and stabilization works, can be approached by application of the fol- 
lowing basic procedure and formulation: = 


1, Secure and analyze hourly tidal differentials across the asaeee island; B 


ie Sample and determine size of the 
Bh i 4. Make the first trial balance in design by sizing the inlet channel | so that a 


Beg the velocity ‘estimated | from the media: median differential is € equal to the design v ve- 
Adjust the tidal differentials where change in bay tides is 
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energy the: total littoral — intercey 


ny mechan - 
als 9. stabilization works as necessary to control the Gulf bar mecha- 
nism and to support imbalance where, for many reasons 7 
‘Evaluate ‘relations of rainfall, and evaporation for the b: 


9 . Evaluate the nature and effects of salinity or density currents on 


> | 12. Estimtte efficiency of mec i ters; a 


4 
“satin sufficient water interchange f for the desired or feasible 


re — 


detailed of of the and mete- 
“erclogieal tides along the Te Texas coast and in the bays is beyond the scope a 
this paper. It is significant, however, that tropic tides resulting from 
: r north and south declination of the moon have the greatest effect on Texas 

eA coastal harmonic tides. The cycle of the tropic month is about 27. -1/3 days. a 

The frequency analyses of hourly tidal differentials between Gulf and bay 
4 - geross the barrier islands, therefore, are made on continuous readings of at 

4 least one tropical month, with additional refinement made by analyses of con- 
tinuous, or intermittently selected, tropic months. 
_ Scientific sampling of the tides must include knowledge ‘and consideration 
_ Of the relative value of the many various tidal producing forces. For instance, = 
Cedar Bayou analyses include a winter and summer month, 


calm periods, and a storm in the Gulf of Mexico. 
; Particularly emphasized are the analyses of hourly tidal differentials, both ~~ 
_ for inflow and outflow—instead of high and low tides—and on the convenient a p 
_ method of plotting the results on arithmetic- probability paper, as illustrated a me 
a Fig. 2. The total tidal differentials for the central coast, measured at 
E _ Cedar Bayou, at Corpus Christi, and at Boggy Slough, are quite similar, but : a) 


inflow - outflow characteristics are different. . At Cedar the outflow 


z the outflow is only slightly stronger than the inflow. fe 


The first approximation of the potential cross- sectional of the ‘inlet 
may be computed by t the formula: 
in which is the ‘potential cross- ~sectionat area of pass below mean oon level, 


-‘Rebalance the design to equate sediment transport capacity of inlet 
@ 
— 
pin 
— 
44 
~ 
ey 
sur at Cornus hriati wn subsequently 5(a). ‘At Boggy Slough, a 


indicates, for the central section of Texas, a 


of the pass | size to the area of connected bays for reasonable potential devel- — 


She 2 opment of tidal interchange. The formula has been developed: first, from — 


ee another paper, 3 where the ratio of the area of Gulf passes in square feet to | 


an . a the tidal prism in acre-feet is reported at 0.44; and second, by the assumption 
the reasonable potential for median tidal prism in feet of depth with pro-- 


_~perly located and sized passes is about equal to the median tidal differential, 1 vr 
or. 0.42 ft. The 0.44 times 0.42 gives the factor 0.185 used in this formula. 
For the first approximation of the potential size of the proposed Boggy ; 
Slough Fish Pass, with a bay system of about 125,000 acres, this formula in- ;: 
dicates a potential cross- -sectional area of 23,100 sq ft. ‘But consideration of 
: _ the restrictions between the basins of the bay ‘system, as 1 well as design ve- é 
> locity, sediment transport, and water comer ana resulted ina proposed pass 
At Rollover Fish Pass, where the wetees: tidal differential is computed at a 


= 


0.58 times 0.44 for the factor of 0.255. 
ss The surface area of East Galveston Bay, east of Hanna Reef (Fig. 9), is 
estimated at 47 ,000 acres. ‘It is tentatively assumed that Rollover Fish Pass © 
=, might potentially serve at least one-third and probably about one-half of this 
_ East Bay. Application of the formula, Ap = 0.255 As, indicates the potential 
ee £3 cross-sectional area of the inlet to be 4,000 to 6,000 sq ft. The original cut — 
was about 1, 000 sq ft, which rapidly increased by erosion to over 2,000 sq ft 
Bay before it was almost completely blocked by a sheet pile cut-off wall ‘installed — 
to stop the erosion. From observation of the eroding pass, it is believed that 
the cross-sectional area of the pass would assume the 6,000 sq ft, but such a 
natural pass was not feasible because of limited right- -of -wa y, dense develop- 
- ment of adiacent beaches, and proximity of the Intercoastal Waterway, 
- ‘This potential area formula is, at best, only a rough average pepeetion~ 
tion, since the pertinent hydraulic dimensions of length, width, and hydraulic 
radius are not included. It is the first of a series of eee —— an 
tions, with ri refinement added by each 


4 
he inlet introduces length, 
*¥ width, hydraulic radius, and the silting and er erosion 1 characteristics of the sand © 
and shell material in the littoral drift. Fundamentally, this procedure simply 
“sizes the inlet to tend toward siltation half the time and toward erosion half 
the time. The value of the design velocity y (Va) is established at beginning of | 
ities of the median size material. By trial, the inlet channel is sized until — Ee 
the actual flow velocity at the median tidal differential is the same as the rt 
iV The sampling and testing of the littoral material | for size distribution are 
necessary for use in the formula for this design velocity. The typical, aver-_ 
_ age size distribution of this sand and shell material at four locations is illus- a 


trated by Fig. 3. The material at Cedar Bayou and Corpus Christi consists of 
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by fine, well sorted sand a median diameter of 0. 15 mm. q There aj appears to 
a. be 1 no tendency for a any ‘further sorting of this beach material, ‘so only the me-— 


0. 77 mm of 84% and 16% size) | is considerably greater than the 
dian (50% size) diameter of about 0.38. Further study was made of the hy-_ 
characteristics | the ‘Shell, in ¢ order to whether to use the 


a _ shape and specific gravity of wands shell, the fall velocity of various sieve frac-_ 
a tions was measured in a large” plastic cylinder. This fall velocity was con-_ 
"verted to equivalent | “sedimentation diameter use of a chart of tsedimenta~ 7 
diameter versus fall velocity in water.4 = 
conversion materially reduces the hydraulic effective s size of the shell 
"graded by § sieves above 0.5 mm, as shown in Fig. 3 and noted as “Adjusted — 
Boggy Slough.” The adjusted mean diameter is 0.42 mm, as compared with a 
~ median diameter of 0.38 mm. . Hence, a diameter of | 0.40 mm was used in the 4 


= formula to. “determine the desired median design velocity fora pass 


‘various samples of ranges from 2.70 to 2.86. “To correct for the 


>” itil 


ee ar in 1 which Vq 1 is the channel velocity in fps for condition of autvelomnent function 
3 _ (desired design velocity) ; n refers to the Manning roughness coefficient; R : 
De _ is the hydraulic radius in feet (area divided by wetted perimeter); k is the 
. entrainment function; and d is the diameter of particles in feet (or rere’ 
«se sedimentation diameter - with d in mm divided by 304.8 = t in feet). — 
The entrainment function, k, was secured from a graph.® sn: es 
Sau the pr present stage of knowledge, it is considered that a best initial de- 


eg "sign balance may be secured by providing a pass of such size and length that 2 
. 4 the actual median velocity due to the tidal differentials is equal to the com- 


puted design velocity of saltation (k value of 0.4) forthe ‘material e encountered © 


in the beach or littoral drift at the site. The significance of the various fac- A 5 1 


tors involved in the design velocity is illustrated by the following range of 
_ Values computed with an average n value of 0.025: for hydraulic radius from _ 
to 25, the desired design velocity varies from 1.3 to 1.8 fps for sand 
with median diameter of 0.15 mm, and from 2.1 to 3.0 fps for sand and shell 
_ with median diameter of 0.4 mm. Tike 


ormula appears to fit reasonably well 


_ The actual median velocity of various trial sizes and lengths of intet. =, S 
rel is” “computed | by use of the well known Manning formula, using n values of 


“Engineering Hydraulics,” Proceedings of the Fourth Hydr. Conf, Iowa Inst, of 

Hydr, Research, June 12-15, 1949, edited by Hunter Rouse,p. 781, = 
- -_ 5 “Water Supply and Waste-Water Disposal, ” by Gordon M, Fair and John C, Geyer, 

eet a... “Engineering Hydraulics, ” Proceedings of the Fourth Hydr, ‘Conf., Iowa Inst. of 


Hydr, Research, June 12-15, 1949, edited by Hunter 
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iz about 0. 02 to 0. 03, for the median tidal differential, with ee for a. 
other than friction. ‘Usually 2 an. adjustment of about 1.1 times velocity head 
suffice for these other losses. For the Manning formu- 


in which V¢ refers to the actual flow velocity 4 in aes per second; and S is. the | 


of water surface or of energy gradient in feet per foot. 
After this first trial balance is made, the change in bay tides caused by the 


-Gifferentials are adjusted and used for ‘rebalance, 
an 

this rebalance without estimates of 
ates of the total littoral transport from both longshore directions. itis gen-— 
erally considered that the science has not been developed to a degree to in- 

ure good quantitative estimates of the littoral transport rates. ners i. 


‘TABLE 1, .—DESIGN VELOCITY VERSUS MEDIAN row 


_ | Vigorous erosion 


es appear that the following procedure for analyses of the wave energy _ A 


in ‘the littoral transport, with Gulf current and hurricane \ waves Cc; causing some 
i modification of this ireager: movement. There are three avai lable wave roses > 


iis The general pattern of the aaa littoral transport is illustrated 7 
_ Fig. 4. This transport westward at Rollover and Cedar ‘Bayou and -nort ward 

Mansfield is well established. The Beach Erosion Board in a 


about 5 5 ft and deficiency in supply of about 200,000 cu yd annually. = 


7 “Wave Statistics for the Gulf of Mexico off Caplen, Texas,” Tech. Memorandum No. a 
of the Beach Erosion Bd., September, 1956. 
8 “Wave Statistics for The Gulf of Mexico off Brownsville, Texas,” Tech, ‘Memoran- 

dum No. 85 of the Beach Erosion Bd., September, 1956, 

Ai 9 Unpublished report made to the Gulf Oil Corp. by 4a H. Glenn and Assocs. ‘ 


a0 “The Gulf Shore of Bolivar Peninsula, Texas gy at Rollover Fish ass),” 
> of the Cory 
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~The westward littoral Codar ‘Bayou is reasonably 
substantiated by the historic behavior of the Gulf mouth in repeated 
westward. One estimate of the rate of predominant littoral transport near the * 
beach, made by computed rate of sanding in the updrift Gulf bar as the mouth a ¢ 
migrated westward, amounts to 80,000 cu yd annually. 
+The northward predominant littoral trans ‘port at Mansfield Pass has been 
substantiated _elsewhere. 11 It is reported that the shoreline is retreating 
* ~ about 9 ft per yr and, although no definite determination of volume is made, 
that the net annual movement to the north is estimated to be as much as 
hy South of Corpus Christi Bay, where there are no available aata on littoral | 
transport, "wave energy has been used to estimate the character and possible. 
rates of transport. The calculations made at the site of the Old Yarborough 
Pass (near proposed Fish Pass) will serve to illustrate the 
calculating the annual ‘northward and southward resultant wave energy 
from the Corpus Christi wave rose, a correlation between wave height and ak 
wave period ' was | developed from another table. 12 This relationship was used 
en the wave energy or total wave fe work equation, 13 for calculation of the in- 
_ Stantaneous wave energy as a function of wave height. Values of the variables 
e in the energy equation were taken from an existing table. ae 
E fen With the various directions and heights of waves converted to wave energy, * 
= resultant northward and southward deep water wave energy vectors — 
were computed. For estimates of littoral transport in each direction, this — 
= energy must be refracted into shallow water and the -longshore compo- 
2 nents of wave energy determined. The next step may be considered as an 


 over- simplification in computations, but probably justified for a preliminary — 


», 


analysis. In this step an wave height, with energy equal 


These imaginary waves ( considerably greater than average wave height) nay i 
be ‘refracted: into shallow water by use of a ‘refraction template. 15 The 
results of these refractions of annual resultant wave energy into shallow water 


at Yarborough Pass are illustratedon Fig.4. low water 
i longshore components of northward and southward wave energy were A 


then converted to littoral transport by extrapolation and use of a graph show- a 
ing the relationship of littoral drift to wave energy. 16 The relation is sub- “as 3 
__ stantiated and extended by a graph showing the relation between alongshore _ 
component of wave energy and littoral transport rate. ‘This gives at = 
an indicated annual northward transport of 000 cu yd at 


a 1l ‘Review of Reports on Gulf Intracoastal a: Tributary 6 Channel to Port a 
field, Texas,” issued May 29, 1958, by U. Army Engr. Dis., Corps of  Galves- 


; — 12 “Wave Statistics for The Gulf aft Manteo off Brownsville, Texas,” Tech, Memoran- 
dum No. 85 of the Beach Erosion Bd., September, 1956, Table B-2, p. B-14. 
ai — “A Study of Sand Movement at South Lake Worth Inlet, Florida, * ’ Tech. ‘Memoran- 
th: 14 “Shore Protection Planning and a"? Tach. Report No. 4 of the Beach ch Erosion — 
June, 1954, Table D- 1, Appendix D. 
15 Ibid., Fig. 17, p. 32. 
aime 16 “A Study of Sand Movement at South Lake Worth Inlet, Florida, . * Tech. Memoran- 
dum No, 42 of the Beach Erosion Bd., October, 1953, p. 20, and Formula 16, p. 21, 


aan 17 “Laboratory Study of The Effect of Groins on The Rate of Littoral Transport; ” Tech. ee: i 
No. 114 of the Beach Erosion Ba., , June, , 1959, 
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6 depth, and 96,0 000 cu va ft ft depth, for a total ot 338, 000 


AS By ‘procedure at. the estimated annual northward 
— littoral transport is 142,000 cu yd at 6 ft depth, and 112,000 cu yd southward — 
s§ 6 ft depth, for a total of 254,000 cu yd. Subject to modification by hurricane 
ss Waves ind Gulf currents, it appears that normal wave action shifts the ae 
transport almost equally northwardand southwardat Corpus Christi, but there 


a definite net annual northward trend at _ Yarborough. _ There 


At depths greater than 6 ft, ‘the ‘computed transport rapidly increased to 
: about | one-half million cu yd annually, which figure serves to warn of increas- e; 
ing interception of drift with larger passes or longer jetties. An approximate 
indication of the magnitude of total littoral 1 transport along the Texas | coast — 
F. may be indicated by the annual maintenance dredging at the navigation passes 
of Brazos Santiago, Aransas Pass, Freeport, and Bolivar, which are estimated 
respectively at 352,000 - 455,000 - 703,000 and 908,000 cu ydannually. z 
_ For the simplified preliminary analyses of littoral transport, the resultant 
of wave energy on each side of a line normal to the shore line was utilized, _ 


= For the design stage, calculations will be made on all available segments alll 


either into the bay or "out to the Gulf, by the tidal flow the pass is ‘des- 
E Be ignated sediment transport. The next step in design is to rebalance the pass = 
by an operation study to equate the total sediment transport capacity of the 


is intercepted by the tidal flow through the inlet. 
_ Of the many and widely variable bed load and sediment transport formulas, # 


te Extended | Kalinske ‘Transport Formula is believed to be best suited to this a 


ose. There is a plot of the Kalinske bed-load function present- 

' The formula is extended to include a high rate of a “4 
transport with bed of the same material as in suspension. ot 

er The Kalinske formula is presented in several different forms. is The for-_ 

5 mula as adopted and modified for these sediment transport calculations is as 


«18 “Engineering Hydraulics,” Proceedings of the Fourth Conf., of 
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which Qs is the unit s solid volume rate of transport, in per 
idth; q ening to the acceleration of gravity = 32.2 fps per sec; ms is ithe hy- 


ifferentials), in feet per. foot; 
_ the diameter of the sediment particle, in ft, with d in mm divided by 304.8 =d_ 


in ft; T is the tractive force or intensity of bed shear stress, , in psf = y RS, ae 
Where: y is specific. weight of water or 64 lb per cu ft for salt water; 
~ the critical tractive force, which is 12 dfor quartz sands with specific grav- aa &§ 
of 2.65, and is that value of boundary shear at which force of the flow upon 
the particles just overcomes its resistanceto motion; Qs is the total bulkvol- % a : 
ume rate of sediment transport in cfs; B is the top width of channel, in a 
= e is the void 1 ratio of § sediment, or ratio of volume of voids to volume of a : 
tractive force function n may be c a 
 Cific gravity of 2.65 when the shell has been adjusted to the equivalent sedi- 


mentation diameter of quartz sand. use of (1 +e) to convert from solid i 


Bs volume rate to bulk volume rate, for comparison with bulk volume estimates Een, 
littoral transport, is derived from soil properties depicted elsewhere. +” 19° 


ear balanced inlet, the — 5 


the sediment transport capacity of the tidal flow in the channel is == 
_ greater than the intercepted littoral transport rate, all intercepted drift ma- — 
terial from either longshore direction is carried by inflow to the bay, forming 
the bay bar, and is carried by outflow to the downdrift ‘side; 
2, When the intercepted littoral transport rate exceeds the sediment 
ts wait rate of the tidal flow in the channel, the excess drift material is dropped 
out to form the Gulf bar, during both inflow and outflow. 
= 3. The drift material transported to the bay is utilized to form the - 
= bar, with some distributed into the bay, mostly by littoral transport, and some — 
(tentatively assumed at about 35%) back into theGulf by outflow. 
: 


he application of this to the ‘Corpus Christi Fish Pass 
is illustrated by Fig. 5. This shows the pass estimated to be essentially bal- 
; anced, with the sediment transport capacity almost equal to the littoral trans- se 
port out to a depth of 6 ft. The normal sediment transport is first computed * “a 
the Guilt bar, with about 32% moved into the bay and 68% moves out to 


As ow Gulf ber forms within reasonable limits, t! the velocity of flow i is in- 
reased over the bar but is decreased through the remainder of the pass. “This 
causes a decrease in the sediment transport through most of the channel, but 
_ greatly increases the sediment transport over the bar. Thus, on inflow the 
_ bar ' tends to grow inland, reducing the sediment transport through the normal — 
1, ove 


e be on outflow the sediment over ‘the bar is 
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rates” that are ‘greater than the decrease in a the 

through the normal channel. 
The mechanism of the Gulf bar for final balance “illustrated 
g. 6. the nominal sediment transport of the channel is ap- 


7 &. 10% tidal differential will sqpresinate the average rate to indicate total trans- 
port. Hence, the effects of the ‘Gulf bar may be estimated approximately 
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oe Corpus Christi Fish Pass. With a Gulf bar that reduces the depth from 10 ft o 
: _ to 8 ft for a length of 500 ft, and the bottom width from 250 ft to 240 ft, the 4 3 
area is reduced 25% and flow about 11%. Velocity is increased over the bar | 2 
_ and decreased through the remainder of the pass. The annual sediment trans- 
~porti is increased to 374,000 cu yd (47%. greater than annual littoral transport) a 
— with only 11% carried by inflow ‘to the bay and 89% carried by outflow to the | 
Gulf. This ‘daily rate is. 1, 024 cu yd, in 695 cu yd for the 
During short periods of high rates : of littoral transport, the depth of water 
- over the Gulf bar will be further decreased. With a Gulf bar that reduces the — y 
water depth from 10 ft to 6 ft for a length of 500 ft, and the bottom widthfrom __ 
Ee 250 ft to 225 ft, the area is reduced about 48%, with about 22% reduction in am 
_The apr rate of sediment is increased to 4, cu 


= the natural behavior of inlets, as well as providing an approximate 
for and ‘providing the final ‘Gynamic balance to a proposed fish 


sons, natural operation is not Such works may 
a proposed at the Gulf outlets to: (a) provide training walls and wave break 


a prevent migration of the Gulf outlet, which may tend to move depending on di- 2 
rection of wave attack from day to day and season to season; (ce) control the 
reach of the pass that operates as an alternating siltation and erosion basin 
inflow and outflow a of the tidal waters; (d) control the 
of the pass during times of infrequent, higher tidal differentials. A eS 
= The latest, untried idea for stabilization works, using a com nation of - 
prestressed concrete and riprap, is illustrated by Fig. 7, ‘showing the works | 
= _ proposed at Corpus ( Christi Fish Pass. The ‘design does not include hale 
- against hurricane waves, but only against normal, frequent storm waves. 
_ Comparative economic analyses indicated substantial saving in cost by using 
the precast, prestressed concrete bulkheads and wave breakers instead - 
—- me for the upper portion of the works, as shown by Fig. 7(b). 
_ The interior curves shown in plan on Fig. 7(a) are designed asa redeed ae 
“ eapeiiion to a dune barrier, built from the dredge spoils, to connect with ex- 
isting natural dune barriers. The ‘sill, of steel sheet ‘piling, will be built to 


proposed cross section shown on . The projection into the Galt 


— 
— 
— 
| a 
this sediment transport is accomplished with outflow to the Gulf. Thus, 
eS: I _ balanced design, the Gulf bar acts as a natural sand by-passing mechanism — _— 
minimam of sediment transport into the bay. 
— 
Stabilization works are designed on a minimum basis as necessary to con- 
= 
ia 
eee Bi designed to eliminate the undesirable hydraulic characteristics of distur “ 
flow and head losses with a straight, projecting inlet. The alignment of t 
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proposed | Christi Fish Pass is S 45° E, with the prevailing 
to minimize the invasion of the pass by shifting wind- sands, 
well as to improve water interchange the pass. 


The average salinity of the Gulf water is about 35 parts per ‘thant (ppt). 
4 The salinity of the bay waters varies from about 1 ppt to 100 ee to 


must occur in the bays as a of the 
_ vertical gradients in salinity, which are a direct measure of density differ- 
i ences. Horizontal salinity gradients are illustrated by Fig. 9, showing pro- 
te files | of salinity in East Galveston Bay before Rollover was cut and later while _ 
it was rapidly enlarging by erosion. Data for the before profile were devel- — 


ry. oped from a study presented elsewhere.29 Data for the after r profile’ were se- 4 
Vertical sal 


oe gist in the various bays at about 0.5 ppt to 3 ppt from top to bottom, with “aa 


casional vertical differentials of 6 ppt to 14 ppt. Horizontal salinity gradients 


of 10 ppt in 5 milesto 20 miles were often n measured, and sometimes gradients 
oy as steep as 10 ppt in 1.8 miles. These figures come from both unpublished _ x 
data and published articles. dal 


The following modification of the 1 normal Manning hydraulic for 

= turbulent flow has been developed to evaluate the probable effects of Salinity | 
currents on the present and future of salinities and on water 


whi y current with turbulent ‘flow, in fps; n 
the Manning roughness R refers to the hydraulic radius, 

_ in feet, and here taken as one-half the depth of underflow, in order to include 

_ the interface between the stratified flows in the length of wetted perimeter. 25 : 

Dis the depth of water, in feet; Ay is the difference between density of the 
water at top and bottom (from vertical salinity gradients); y is the density of 


thew water at bottom; Ayn? refers to the difference between the average up- 


: 20 «4 Summer Study of the Biology and Ecology of East Bay, Texas,” by George K. 

_ Reid, Jr., Texas Journal of Science, Vol. VII, No. 3, September, 1955. a 

Be 2i “Biologic and Hydrographic Adjustment in a Distrubed Gulf Coast waned "by Ge 

Tee K. Reid, Limnology and Oceanography, Vol. II, No. 3, July, 1957, 
joe _ 22 “An Introduction to the Hydrography of Tidal Waters of Texas,” by ‘Albert ana: 
ae ae ond Joel W. Hedgpeth, publications of the Inst. of Marine Science, Vol. I, No. rt Collier 4 

___-- 23: “An Ecological Survey of the Upper Laguna Madre of Texas,” by Ernest G. Sim- 

7 mons, Publication of the Inst, of Marine Science, Vol, IV, No, 2, Ie 1957, pp. 156- 200. 


| Frcs ASCE, Vol. 84, me HY 2, » Part 1, April, 1958, oe 


3 ae 
- 7” tatively assumed that, where feasible, it will be desirable to control the sa- _ j mn 
~ 
— | a 
— 
| 


September, 
3 ute fate and average downstream density of the wat 
= salinity gradients) ; and L is the length of reach, in feet. sagrake 
= Sts It has been stated that a number of authorities have shown that stratified Ae 
flow calculations can be made by using normal hydraulic equations if 
# gravitational term for the > underflow is: multiplied by the ratio of the differ- _ 

s ence in density between the underflow and the overlying layer to the ol 
of the underflow.’ 25 In that paper the factor or ratio was applied to the Chezy 
In this paper the factor is applied to. the ‘normal Manning velocity 

equation. | The delta gamma divided by gamma, in the p portion raised to the a 
one-half power, is this gravitational adjustment. ee 

_ The remainder of the portion raised to the one-half power is derived from eh 
the fact differences in horizontal Salinity cause differences | of 
ce which cause differential pressure. The general principle has been stated that .. ae g 
< the pressure force tends to make water flow from a region of high pressure oe 
% toward 2 a region of low pressure. 26 In uniform depth of f water v with level — =i 
é surface, the energy gradient must be due to the difference in weight of the up- _ 
_ stream and downstream columns of water. This difference in weight may be 
converted to equivalent height or head of water and, when divided by length of 4 
_ reach, will represent the slope of the energy gradient, S. The depth times a 
delta gamma sub-h divided by length, in the portion raised to the one-half 
BB cosy. represents the slope of the energy or pressure gradient in feet oe 


foot. This is herein salinity current under turbulent flow, and is 


x derflow. _ The hydraulic radius of the overflow is equal ve the depth « of over- 
flow. Theoretically, differences in the coefficient of roughness, n, between 
x the mentons and interface cause the relative depths of underflow _ and overflow — 


_ cal Reynolds Number of 2,000, so a formula for laminar flow of lire ¢ 
> 
= is needed for complete an a formula has been 


20.8 DAy Ay, R2 


in which Vs] is the of pure ‘Salinity c current with laminar flow, in 

_ D refers to the total depth of water, in feet; Ay is the difference in density at 
Bisa dare bottom, from vertical Salinity gradients; Ayh designates the differ- 
ence in density at upstream and downstream limits of reach from horizontal 
salinity gradients; ‘R is the hydraulic radius of the | underflow, in feet, equal - 
one-half the depth of underflow; ‘Lis the length of reach, in feet; and pis the 
t= of the underflow, in 1b- sec per sq ft, about 2.79 x 10- -5 for the ata 

ea water, but varies with temperature, salinity, and turbidity. wats EF 22 


= 
2 
|. 
* 
ae 
— 
— 
| 
at 0.57 D. For an n value of 0.01 at the interface and a a 
bottom the depth of underflow is estimated at 0.67 — 
— ’ salini i 
For shallow bays with low vertical.and horizontal salinity gradients, 
— 
_ 
me 4 
— 
justment of difference in vertical density divided by bottom dens 
ildlife Service, U. S. Printing Office, dy 
5, of the Fish and Wildlife Service, U. rc 
"27 «En ineering Hydraulics,” Proceedings of the Fourth Hydr. Conf., lowa Inst.of 
i Hunter Rouse, Formula 82,p.79. 
Hydr. Research, June 12-15, 1949, edited by Hunter Rouse, 
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_ the slope of the energy or pressure panes as developed for the salinity c cur- ee 


a The maximum salinity current measured was from the Upper Laguna — 


ent at 

. 10 ppt. It appears that the measurement was made at a time when the ealinity = Er 

a current was at critical velocity, as computed by the following formula. ee = 

short reaches of channels and high salinity gradients flowing into a 

bi large bay or gulf, the salinity currents. may reach critical velocities which 
might be approximately computed by the following normal critical velocity — 7 
in which the acceleration of gravity is reduced the 

difference in top and bottom density the bottom density: 


2g H Ay 
in which is the critical ef the ‘salinity current, in fps; g is the 


acceleration of gravity, 32.2 fps per sec; Ay refers to the difference in the 
top and bottom density of water; y is the density of int erties at bottom; and 
Eq. 9 is a modification t! e 
where.28 The formula and salinity current at critical welecity are illustrated ea 
ane Calculations of ‘salinity currents between the extreme conditions of critical 
velocity and pure density gradients, may be made by application of backwater — 
curves on the interface of the stratified flow. An approximation of the average | 
_ interface gradient may be on the order of about 0.2 of the depth divided by the 
eat length of reach. This is a simple assumption | based on the theoretical a : 
ses that indicate that the maximum interface gradient should be one-third the — 
3 total depth of water, D, divided by length of reach. To this interface gradient, 
the horizontal pressure or density gradient may or may not be added, de- - 


ec Application of these cetiiniiee to various probable combinations of depth, 
, and reaches indicate salinity currents of about 0.001 fps to 
0. 01 fps for p - possibly laminar flow, about 0.01 fps to 0.1 fps for turbulent flow aa 
including pressure gradient plus sloping interface gradient, and on up to about te ‘ 
.0 fps for ' salinity current at critical ul velocity. These velocities may appear : 
very slow, but 0.005 fps is about 30 miles per yr, 0.01 bai about 60 miles per 
r, and 0.1 fps 
_ These velocities suggest that for annual salinity control: these salinity cur- 
rents in the bay greatly increase the area of interface between Gulf and bay a 
_ water and thus probably play an important part in providing slow but sure me- a 
- chanical mixing, and in control of horizontal salinity gradients. ‘The use of 
these formulas is | beneficial in n interpreting measured bay salinities, fore- . 
casting changes | in salinity | patterns, and in determining proper location of in- ts 
_ lets. For instance, the effectiveness of water interchange decreases with in- _ 
creasing distance from the inlet, as best the horizontal salinity pe 
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is evidence that the Coriolis force deflecting force 

oe - to the earth’s rotation diverting horizontal motions to the right in the 


see horthern hemisphere) must have some influence | on the tidal inflow- w-outflow, — 


* g on n the distribution and direction of horizontal salinities and salinity currents 
ae on the efficiency of mechanical mixing. For instance, in Fig. 9 9, 


SCALE OF MILES 


Eroding__|_ 
=a Rollover Fish Pass 


1955 


Before 
_Rollover Fish Pass 


os 


Fic. 9. SALINITY GRADIENTS 


ee the ‘aise of the 18 and 19 ppt isohalines in East Bay, June, 1955, suggest - 
4 - fects of the Coriolis force. The slight deflecting force becomes materially = 


effective in the wide portions of the bays and in larger passes with high a 
ume and rates of flow. _ The formulation of the Coriolis mane has been well 
aie _ 29 “Rivers Under Influence of Terrestrial Rotation,” by Ot Otakar W 
ings, ASCE, Vol. ww 1, April, 1957 


— — 


The basic for inlet outflow un under stationary salinity 
conditions is presented elsewhere.39 Since the basic ‘concept does not include 
_ the important requirement for mechanical mixing in n estimating tidal water be 
4 interchange for given stable salinity conditions, the formulas has been modi- * 


(evaporation > > rainfall wad runoff or and ‘runoff > evapor 
— in which Qj designates the total amount of inflow through the inlet in given be 
- time, in acre feet; Qe is the > BOSS evaporation less rainfall on water surface — 
= and less fresh water inflow, | or runoff, in acre feet in same given | time; Or a ; 
ig the . rainfall on water surface plus rv runoff less gross e' evaporation, in acre feet; a 
oe So refers to the average salinity of outflow from bay to Gulf, in ppt; Sj signi- 
the average salinity of inflow from ‘Gulf to bay, ppt, usually 35; and 
be 


salinities as weighted and estimates of probable inflow at the time, proba~ 
* range of the factor E (efficiency | of mechanical | mixing) for the Upper | La- ae ‘ 
_ guna Madre has been estimated. The value is tentatively estimated for appli- 


| cation to this area at 20% for stable salinity of 40 ppt, increasing to a value | ; ; 
@ 40% at a salinity of 80 ppt. | This sliding scale is considered to be due to — y 
increasing effects of salinity currents as a factor in mechanical mixing as the 
The first formula with applies to high salinity bays, such as the Laguna 
= Madre, and the second formula with Qr applies to low salinity bays, such as 
‘East Galveston Bay at Rollover Fish Pass. amount of tidal inflow re- 
—_ a - quired for any desired salinity control or stable salinity condition in the bay 
ee varies directly as the > salinity ratios. The effects of these ratios, herein de 
the salinity function, are illustrated by Fig. 10. 
When the initial cut at Rollover increased salinities from less than 12 ppt 


marine biologists have suggested desired stable salinities of 45 50 ppt, 
and 60 ppt. With this | information and after a ‘Study of Fig. 10, certain ranges 


q 
— 
re fore returning a: — 
bi | mixed with the bay or lag — 
— 
t the design limits to55ppt 
ively suggested tha’ d about 47.5 ppt 
is, it is tentatively alinity bays and abc is made for 
- That is, 25 ppt in the low s linity control is m ce — ~~ 
be about 17.5 ppt The design for annual d for dry years in 
— aline bays. The desi low salinity bays, 
semi-arid climate Biology,” by Sverdrup, John- 4 


pupsnoy 4ad 


* 


® 


d - ALINIWS 


Ss 
——104 abuoy pat 


— 
— 


i the proposed Boggy Slough Fish Pass, the average annual excess of eva ¥ ea 
poration over rainfall and runoff, Qe,lis estimated at 347,500 acre ft, with the | 
- maximum value of 861,000 acre ft for a very dry year. The present hyper- 
saline condition is indicated by salinities of 85 ppt to 100 ppt. This" pass is — 
designed to develop only about one-half of the ‘potential water interchange, and a. 
will limit salinities to about 50 ppt. The inflow is computed from the median ae 
% inflow due to median tidal differential for inflow, plus the inflow from Corpus is 
+ Christi Bay to the Upper Laguna Madre, plus inflow due to ‘monthly \ ncicogoalll “is 
in mean Gulf and bay levels. Here the efficiency of mechanical mixing is es-_ 
f timated at 25%. For final design, the tidal differentials must be adjusted for 
_ the increased tidal prism in the bay, detailed operation studies made of the 
channel and bar mechanism and thee: verified or modified by hydraulic model — 


: 
rom the utilization of these studies of various inlets and fish passes along 


the Texas coast as a full-scale and wide range laboratory, the following basic 
findings and conclusions are enumerated: 


Ai A balanced design of inlets (fish passes), with a of 


3. . Scientific sampling of the various astronomical and meteorological tides — 


the tidal differentials is essential for 
For certain portions of the ‘it is found that the potential cross- 
ectional area of ‘the ‘inlet, in square feet, ranges from about 0.185 to 0. 255 
imes the area in acres of adjacent bay, by using the median tidal differential _ 
as approximating the median potential tidal prism (Eqs. 1 and ie ; 
4 Ih testing for the size | distribution of the material in the littoral trans- 
port and where shell is encountered, adjustment for ‘shape > and specific gravity 
o the equivalent sedimentation diameter of quartz ‘sand must be ‘made by © 


the inlet to match the particular at each 


This is necessary for proper t use of the formulas for design veloc- 
The best initial trial in the design may made by first com- 
_ puting a design velocity of saltation (Eq. 3, using Shields’ entrainment func 
i. tion of 0.4 at beginning of saltation) for the median size littoral drift material 
Then the normal pass channel is sized so that its actual medial velocity of 
a flow, as determined by Eq ~*~ * the Manning formula, from the median tidal dif- 


a is equal to this desired design velocity. "Where a appreciable change 


a m tes of the ————— intercepted from both directions by the inle 


ae | 
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_ 8,-Rebalance of the inlet in length andarea may then be made by use of the 
_Kalinske sediment transport and tractive force functions, Eq. 6, to equate the 
_ total sediment transport capacity of the inlet channel to ‘the intercepted lit- _ 
an _ Final dynamic balance may then b be secured i by u use of the » highly var 
ble Gulf bar as a silting basin when the sediment transport capacity of the in- 


is less than the intercepted littoral rene and as an erosion basin 


act as a natural sand by- ~passing a minimum of sediment 
10, Stabilization works should be te ee on a minimum basis and placed 
nly as necessary to control the Gulf bar mechanism and to support imbalance 
‘where complete natural operation may not be achieved. = 
The most ‘convenient measure of water interchange is in terms of 2 
ae linity control. a is found that the most feasible annual salinity y control in the e Mi 
an bays ranges from about 17.5 Ppt to 25 ppt in the humid climate where rainfall ; 
With each cycle of tidal inflow and outflow only 
the Gulf water becomes completely mixed with the to effect salinity 
control, termed of mechanical mixing. _The evidence of vertical 


mulas developed herein. As is usual with such a design in its os ag many ue 
_ refinements will be developed when such fish passes are « nstructed andafter és 


thorough scientific checks are made of their — 


Report on Fish Passes and Water for The 
Laguna Madre and Corpus Christi Bay, Coastal Texas” and “Sediment Trans-_ 
_ port Supplement,” prepared for the Game and Fish Commission, State of 
Texas, by the firm of Lockwood, Andrews & Newman. | The Commission has 
consented to publication in “whole, or in part, of the engineering information 
gathered while the firm was employed as consultant on fish passes. H. D. 
_ Dodgen, Executive Secretary of the Commission, has expressed the hope that 


— OE 
= 
ranging from laminat through turbulent to critical flow, materially 
‘To verify and refine the design there is now a distinct need for t 
of hydraulic models with movable bed to complete the design stage and t 
— 
— 
— 
versely. cussions 
on this paper will add useful information to 
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‘SOUTHWEST PASS-MISSISSIPPI RIVER 0- FT — 
Austin B. ‘Smith, bi: 


water wedge, and outlines plans to obtain the 40-ft deep 
channel connecting the Mississippi River and the Gulf via the Southwest Pass 
a channel and across the Sea Bar entrance channel. The magnitude of the 
tent annual shoaling and the associated salt-water intrusion phenomenon, prior jetty 
and pile dike construction, current hopper dredge requirements to maintain 35- ~ if 
... deep ship channel, the collection of new v field data, and 1 prototype studies and a : 
model tests of various improvement schemes are described. The formulated 
j s for providing the authorized 40-ft-deep ship channel and reducing the bur- 


i 40- -ft- deep ship channel connecting the main stem of the Mississippi River By 
: with the Gulf of Mexico. The deep water navigation project, Mississippi River, ai 
‘eos ; Baton Rouge to the Gulf of Mexico, is shown in Fig. Lh +The central problem is: 


old problem, prototype studies and investigations and model tests of a num- 
of possible schemes of improvement were ‘made. These studies and 
that a channel below mile 9 below head of 


Note. open until 1,1961. To extend the closing date one e month, 

a written request must be filed with the Executive Secretary, ASCE. This paper is part ar ‘iq 
- the copyrighted Journal of the Waterways and Harbors Division, Proceedings of the i ; 
American of Engineers, Vol, 86, No, WW 3, September, 1960. 
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Pass during each high water season. To find the best solution to this 50- 
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passes (BHP), 
force to the high, fresh-water flow. 


de Lodo” “Mud Cape.” area, shown in Fig. 2, lies at 
i River flow via 


ee: French erected the town of Old Balize at the mouth of the Northeast Pass (Pass 
- Loutre) in 1774. In 1834 it stood 2 mi above the mouth. In 1858 the rate “4 
of advance of new land was believed to be 96 ft a a year.4 Fig. 3 shows the sea- 
ward advance of Southwest Pass Sea Bar since the 1898 survey. The average 
_-. advance of the 35-ft contour since 1898 has been approximately 100 ft. = 
= rate of as the delta advances into deeper waters 
BLEM 


_ and British engineers worked at the problem from ¢ circa 1700 to 1812. 
- legacies include > maps of early surveys, _ Bar Pilots, light houses, and 


river towns that are now landmarks. They named the passes for the direction _ Z 
a The United States began to survey and report on the problems of deep water | 
navigation through the passes” 1829. Countless» engineers” have since been 
concerned with this much storied problem. records are ‘highlighted by 
= such names as Beauregard, Humphreys, Eads, Corthell, Ockerson, Schultz, 
Lipsey, Dent and Townsend, and more recently by 


Tiffany, Cobb, Gentilich, Kennedy and Simmons. 

a The problem in the 17th and 18th centuries was to find 12 to 15 ft for ships ; 

4 via Pass a Loutre. In the 19th century, it was to provide a 30-ft ship channel : 

i= South Pass. . Inthe 20th century the problem was gee obtain 35-ft and 

now 40-ft through Southwest Pass. 

first Federal appropriation was made in 1836 and 1837 to improve Pass 

i a Loutre. The chronicle of feeble attempts to to improve | the passes continued bs 
through 187 5. The controversy that raged from 1871 to” 1875 over - whether tc io aft 
improve the channel of one of the passes channels by means of a jetty system | 


or to provide a connecting channel througha canal and lock was settled in =, ; 


=. its 


port on of the ississippi River, by 


— «CST 31 
17 BHP, wil 
— 
— the order 
one milliontons daily.~ These land-bDullding materials are moved mainly dur- 
ogee = ing the annual high water between January and July. The overlapping delta now 4 9 or 
eis aa reaches within 10 mi of the landward edge of the continental slope. Early ex- __ .t. 
— 
a 
— 
et 
the 400 years since European explorers discovered the mouthof the Mis- 
sissippi, engineers of several nationalities have been concerned with the prob- 
a 
+ 


when | Congress ‘No cure, ‘No No pay” proposition. This proposi- 

tion was “to secure by construction of jetties andauxiliary works and maintain — a 

_ for 20 years a channel 26 ft deep by 200 ft wide having through it a central 

depth « of 30 ft w without regard to width,” for the sum of. $8, 000 000. Eads de- ie 


sired to improve Southwest Pass, but the directed that he experi 
ment with South Pass.5 The “uses of Eads’ success was immediate and New at 


new concepts in channel improvement, such as the Duheseen: concept of iit 
_ that was used by Eads and Corthell from 1875 to 1879 to improve South Pass 
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IMPROVEMENT OF SOUTHWEST PASS AND SEA BAR CHANNEL 

Orleans port commerce increase following Eads’ 
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ae provement of Southwest Pass to secure a 35 0 by 1,000 ft channel, as recom- q 
ee mended by a 1899 board, at an estimated cost of $6, 000, 000, with annual main- 


— 
o accommodate the 1 
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the the | sea ft to: 
cam From 1911 to1912the east and west jetties of Southwest Pass were ine 
seaward’ 2, 900 ft and 3, 400 ‘respectively. The project di dimension of 35 ft 
* 1,000 ftv was not obtained by the jetty extension, but the natural depth wa was slightly 
: _ After the 1911 to 1912 extension to the jetties, spur dikes were constructed a 
in the lower ‘Tmiof the pass, contracting the width between dikes to about 3, 000 
the desired 35-ft deep channel was not obtained. 
ae Between 1917 and 1921 parallel inner bulkheads were constructed in the lower a 
5 mi, reducing the channel | width from 3,000 ft to 2,400 ft. © in 1924 the east | a 1m 
coe a and west jetties were e extended approximately 3 000 ft. The outer - ends were 2 
iit -channeiward until they intersected the projected line of the inner bulk- = 
heads. Conditions at the mouth of Southwest Pass in June, 1920 are shown on on 


Fig. controlling depth was then 16 ft over the sea ber, 
co From the start of the improvements to Southwest Pass in 1904 until 1921 
all dredging on the sea bar was directed toward securing a channel directly ae 
_ across the sea bar along the prolonged axis of the jettied channel, as shown by | . 
“Fig. 5, all with very limited success. In 1921 the axis of the sea bar channel — 4 
4 was inclined 35° to the eastward of the axis of: the jettied channel. The re- zs 
——— ovated sea bar channel is shown in Fig. 6. As in the case of South Pass, 25 of 
; . before, this action was the determining factor in the subsequent success of _ 
providing the 35-ft deep channel across the sea bar. : 
=e jettiedc channel was further con contracted to lessen the maintenance dredging — _ 
requirements. First, as noted previously, in 1921 the e channel width was re- 
y ae Bede from 3,000 ft to 2,400 ft. Then in 1923 and 1924 the width of the lower aa 


_ resulted in a 35- ft channel in the jettied channel and across the sea bar. Feb- % 
ruary, 1924 conditions are shown in Fig. 6. Between 1937 and 1939the lower 
* 10 mi of Southwest Pass channel were contracted to 1,420 ft between dikes. a 4 


d sector of Southwest Pass and the sea bar channel are shown 7 


‘Station, Vicksburg, Mississippi, showed that the salt- 
and associated saline conditions in the passes could be duplicated 
; ey and that a comprehensive model study was feasible. In fiscal year 1955 the 
ay Congress allocated $175, 000 to initiate planning studies to provide the 40- ft ’ 
- deep channel via Southwest Pass, authorized by the R &H Act approved March | E 
1945, The Division Engineer, U. 8. Army Engineer Division, Lower Mis- 


- 
4 
7 
aii. 
— 
— — 
based on prototype data, engineering and navigation studies and model investi- 
gations. A comprehensive data collection program was undertaken in 
Bil te west Pass and Sea Bar by the New Orleans District to provide basic datafor [am 
on the Mouth of the Mississippi River,” by E.J. Deni, 1921, 


studies and with to plan, ‘construct and 
verify a model of the lower 12 miof Southwest Pass channeland Sea Bar chan- ~ 
ie nel. The data collection program was planned to obtain information on major P 
a factors influencing | shoaling in tidal waters; namely the river’ Ss flow, including — 
action of the salt-water wedge, channel alignment, and the Gulf tides. The 
aa i field observations were made over a one year period to provide measurements © : 
during the complete hydrological cycle. Detailed data were obtained on the 
following: (1) flow in Southwest Pass (direction and magnitude); (2) salinity 
_ in pass channel and adjacent Gulf area; (3) sediment samples at various lo- 4 
i _ cations in the pass channel and adjacent Gulf area; (4) hydrographic surveys © 
of channel and Gulf area; (5) Gulf flow currents; (6) tides; (7) winds; (8) 
waves; (9) past dredging requirements. (Data collected were compiled and 
published in two volumes by the New Orleans District in 1959. ‘The sectors 
of Southwest Pass and the Gulf covered in the data collection program are 
shown by Fig. 8. Fig. 9 depicts a marine stationary tower used in the program. 
_ Roberts radio current meter used in the program is shown in Fig. 10, and ae 
recorder for a Roberts Meter in 1 12 ‘shows a small clamshell 
used to obtain bed material ; 
= 


river stage due to tides is cceitchnntals 10 in. to 12 in. During low water a 
Slight t tidal. effect can be 38 mi above Baton Rouge, La. 


T 


: wane low river stages the flow out of Southwest Pass may vary as much on. 
as 300%. Measurements showed a flow variation of 42,000 cis | to 128,000 cfs ae P 
daring one tidal high river ‘the tidal effect is minimized, and 


“been measured during flood conditions. of 24,900 cfs has been 

ured during low low-stage, slack water conditions. . At this low stage the up- a 
stream flow of salt-water under the fresh-water layer was measuredand found © 
s.’ This be m flow of Gulf water ist to 


may penetrate into the Be River treme low much as 135 mi above the 
‘mouth of Southwest ‘Pass a fact which, at at tien, See the New Orleans 


7 7 «Investigations and Data Collection P Program m for Model _— of Southwe s ; Pass, 
ns Mississippi River,” New Orleans District, April, 1959 Bors. 


* 
7 
a ae 
Pat 
The Gulf tides are diurnal and have a range of 2 ft during spring tides. How 
— 
ie, be bi ever, extreme tides caused by hurricane conditions have reached a stage of q Pz. 
— 
— 
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water supyiy.® As previously noted, in Southwest Pass the upstream. flow of 
Salt-water wedge at low river | stages’ may approximate the out-flow of fresh 
oh - water. The interface between the salt-water and fresh-water is the turbulent — Re 
= layer between the masses lowing sea-water and the overlying and 
the location of the ste nicole interface in Southwest Pass as the plane 
_ at which the concentration of chloride ion is 5,000 ppm. 7 By contrast, the un- 
‘diluted fresh- water has a concentration of 30 ppm or less, and the sea- er 


near the mouth of the pass about 20,000 | ppm. Ih Southwest Pass the transition 


of the wedge tip the ‘slopes of the interface in ‘Southwest Pass 
channel v were determined for fresh-water discharges ranging | from 30,000 cfs G 
- to about 300,000 cfs in Southwest Pass. 7 Typical profiles of the salt- a 


wedge interface in Southwest Pass are ‘shown in Fig. 13. 


at mile 19. ‘Southwest Pass on January 27, 1957 at a low river 
a stage. Fig. 15 shows the vertical distribution ata higher river flow on J une ie 
aes 12, 1957. From a detailed study and analysis of these field data and his wide _ 
‘experience with tidal problems, Henry Simmons concluded, “***upstream ve- 
oe at given locations within the salt- -water wedge are. a function of the ei 
local slope of the interface, rather than a function of the entire wedge length od &§ 
as had previously been supposed, so that maximum upstream velocities in the 
a jettied and sea bar entrance channel occur during the time of maximum fresh- Oh 
water discharge and minimum wedge length.” This high water” action of the 
salt-water wedge under the fresh-water outflow provides an effective barrier — 
_ to bed-load movement in the lower two miles of the jettied channel. It is here F 
that the heavy annual shoaling occurs. during high “river stages - 
be just upstream from the wedge 


SOUTHWEST PASS SHOALING AND ANNUAL DREDGING 


stage generally prevents low water shoaling in Southwest Pass and Sea Bar 
ak > channel. At river stages 10 ft to 12 ft on the Carrollton gage at New Orleans, 
shoaling usually begins in lower portion of the jettied channel. Fig. 
shows the area of shoaling occurring in the jettied channel of Southwest Pass 
as the river rose from a low stage of 10 ft on the New Orleans gage on ~All 

17, (1958. 7 The annual hopper dredge requirements range from 4 to 10 — * 

@ yd, dependent ‘upon the magnitude « of flow : 


ak above 10- 12 ft on the New Orleans gage. 


ic 

Southwest Pass were guided by the w work of Eads. and Corthell in improving 


— 

— 
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e ve Strioution iresn- ranas - er was agetermined 
current velocities were measured periodically at selectedranges in South- 
4 
| 
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nment relations 
both passes were ‘and. compared with attention to the 
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ica 


stedies includeda re-examination of all official articles” 


and NS by early a and contemporary engineers associated with the 
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Feue investigations and concepts of the causes and methods devised for les 
sening the annual shoaling in Southwest Pass and Sea Bar channel were exam- 
ined. Schultz’ definitive sediment observations? and Dents’ “observations | a 


CURRENT “VEL. 
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PASS, JUNE 12,1957 


rea 


The following general were 


; and collating field observations: 


of 40- ft channel ‘the existing Southwest teat chan- 
‘eae nel by dredging only would be difficult and a is estimated present 


CS 


G, 16,—17 JANUAI 


‘work at outh Pass anda an of the existing channel alignment 2 and chan 1- 
areas, V 
alignment will be required through the lower half of Southwest Pass, particu- | 
larly below Mile i BHP, tos secure a a self- maintaining | 40- ft ‘ship cane, 


f 
. a subetnatal sediment load. The existing high water flow regimen is favorable Ss = 
to deposition of the bed load and suspended "ai AB load materials in the a 


sector and at the mouth of Southwest Pass. wei Se 


= 


2. 
— req § 
— 
st shoalling in the p 


5. . Under ‘existing high water conditions the salt-water wedge acts as aba 
“rier to bed-load movement beyond the wedge tip, and heavy shoaling may follow 
the wedge tip in its play upstream and downstream inthe lower jettied channel ai 


a at the mouth of a Pass, dependent upon fresh-water flows and tidal i 


6. To be effective improvements must st modify the high-water, fresh- 
water flow—salt- t-water wedge r relation | to alleviate the heavy high-water shoal- 
: ing that now occurs in Southwest Pass. To ‘provide a self- maintained channel 
through Southwest Pass, the channel improvement design must give more mus-_ 


ae $ . The law batture banks of the passes should i ae strong enough to pre- 


with 


2 ties and extending the dikes to further contract the channel. Several ‘schemes 
ia proposed some e modification of the channel alignment. One scheme, Fig. 18, 4 


_ near mile 19 BHP. Fig. 17 shows one of the schemes for extending the <iiien, 
19 shows a ‘scheme for the within the framework 


designed and operated at the U. S. Army Engineer Waterways Experiment Sta- 
e. ‘tion by Messrs. H. B. Simmons and H. J. Rhodes, using the field data | collected 3 
during 1957-58. The ‘model tests provided excellent qualitative information on __ 
the shoaling problem. The fixed-bed model, scale 1: 500 horizontally and 1: 100 4 
vertically, reproduced the salt- “water wedge atnel with color and dupli- 
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"between about 10 ft and 16 ft. ie — the increased benefits of Plan 17A 


| 


Model t tests completed invest of the physical facts and existing con- 


ditions. following study conclusions were then considered and evaluated 


if is the high fresh-water | flow 

3. There is no that modification of the present 

Southwest Pass Sea Bar channel’s alignment or location will lessen the — 


high water shoaling and hopper dredge 
4. In both South and correlate 


5. Additional ‘sinuosity is needed in Southwest Pass channel below 
mile 9 BHP. increasing the channel sinuosity the 40-ft channel should 
ie maintained at cost no — than is —— experienced in maintaining the 35- 


‘Plan 14 (Fig. 19) is | theoretically sound 2nd is ‘both 
a cellent results obtained by the channel improvement at South Pass and the _ 
. 8. Plan 17A (Pie, 1 18) is supported by the model test and . 
- sound, but it is quixotic with respect to: (a) the maintenance of the sharp cur-— . 
3 vature along the left bank just above the new sea bar channel; (b) the mainten- a 
ance: of the point of bifurcation for the proposed new sea bar channel with — ; 
_ existing channel below; and (c) the existing jettied channel and sea bar below — a 
_ the proposed new sea bar channel would not doubt shoal to elevations of 10 ft Me 


to 15 ft below Gulf level and los lose its to transport bed during 


ee The plan of improving Southwest Pass below Mile 17 BHP generally as shown 


— 10 “Hydraulic Model Investigation, Summary of Best Plans for Reducting Shoaling, 
i ” Waterways Experiment Statio Miscellaneous Pa- 
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Pass channel. . The construction required 

to provide the 40-ft channel via Southwest Pass 
ae 1. Between mile 1. 1 AHP in the Mississippi River and mile 17.5 BHP, the a 
ft channel (with 2 ft overdepth) will be obtained by dredging where existing be 
o dimensions are e deficient and where a modification in the channel alignment is * 


a terhead dredge. Here the dredge spoil will be deposited overbank on either — 4 
side 0 of the channel to raise and strengthen areas of low and narrow batture. = 
__. 2, Between mile 17.5 and mile 20.2 BHP the 40-ft channel will be excavated - 
— cutterhead and hopper dredges. It is estimated that 4,600,000 cu yd of Z 
dredging will be required. Where practicable, cutterhead dredge spoil may be ain 
ss deposited on the west side of the pass channel within | the dike system to retain, ‘7 4 
insofar as possible, the existing cross-sectional area of the channel. Other- 
= wise, the spoil will be placed on the east side of the channel. pa crane 


The ft by 600- ft sea bar channel running from Mile 20. 2 BHP to the 4 


mile 2 and mile 3 BHP, to contact and realign the channel in this reach. Be- 3 oa 


eer some dikes. A new dike oudhias may be required along the right bank between of 
=z mile 9.0 and mile 20.2 BHP the existing dikes along the west bank > 


be lengthened and new dikes added. The portion of the dike work between mile 
- 9.0and mile 12.3 is designed to strengthen and protect the narrow batture banks 
from crevassing and wave wash erosion. Between m mile 12.3 and mile 20.2 


the dike work is designed to promote the development and stabilization of the _ 
, channel along the more sinuous alignment, particularly in the reach below mile _ 
MM. 5 BHP. Removal of portions of the dikes along the east bank between mile = 


_ approximately 13,000 ft of new dike extension are required. ‘Approximately - 

3,000 ft of existing dikes will be removed. 

rs Bulkheads .—A longitudinal bulkhead of the Wakefield type will be construc- 

_ ted toprotect the badly eroded west bank between mile 15.3and mile 16.1 BHP. 

ond Relocations .— The proposed realignment of the channel in the lower two = | 

of Southwest Pass will require the relocation of navigation aids, and and minor mod- — 


total estimated cost the project is 
associated cost of $140, 000. Non- first ‘cost for relocations 


F 


is s estimated that ‘construction will require 
; 5 ‘The dredging work at the entrance to Southwest Pass will be conducted in two F 
e phases. Ih the first phase the 35- “ft channel will be > Shifted | to the new easterly — 


4 
“ull 


longitudinal bulkhead between miles 15 and 16 BHP will be etnateusted in the me 
early part of the construction period. Construction 


of other training works ae 
and structures in the pass will be initiated | in ae latter “part of the construction 


The trendof of modern is toward Chan- 
nel depths in excess of 40 ft exist from a short distance above Head of Passes 
to New Orleans. The 40-ft channel will permit ships to load to deeper drafts, 

| savigitiog all cargo and will eliminate the hazards of deep draft ves- 5 


1958 - This 1 ratio as cur- 
rently estimated is 18.5 to 1, , due to mevensed waterway nha. Benefits due 


_ to the incremental increase in channel depth from -35 to -40 ft between Ne 


w 


ae 


by Col. Cookson, District Engineer, New Orleans, and Gen. Carter, 
Division Engineer, Vicksburg, and approved by Gea. Recher, Chief of 
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THORNDIKE SAVILLE, JR. 1 —The author has a 
a. useful data leading to continued progress toward a sounder basis for stability 

ee and economic design of rubble-mound structures. In the course of the exten- 
7 sive testing carried out, the author has also. obtained a great deal of valuable 
data pertaining to wave run-up on rubble slopes. These data are presented in 
: _ Figs. 8 through 10 in which relative run-up (R/H) has been plotted as a func- 
tion of the wave | steepness (H/A) determined for the water depth at the struc- 
nS ture toe. As the wave steepness for any particular wave train critically de- — 

pends on the depth of water for which it is determined (varying by a factor of 

f ’ as much as 3 or 4, for ordinary waves), the plotted points" have also | been seg- 
according to relative depth (d/r). However, the wave steepness range 

beep covered for each relative depth tested is generally small, and, as the author 


“of ‘action is large, so that the true effect of relative depth is obscured. The 
_ author has, accordingly, drawn a near-envelope curve, and indicates that he d 
; eels it should be used for determining design values. | ae 

Unfortunately, since values of both height (#H) and length (a) depend on the - 
relative depth in which they are ‘measured, use of such a curve under the as-— 

_ - sumption that it is independent of relative depth produces different values of 
q is aa run-up for any particular wave train, depending on where the wave character- ‘ 
; . istics are measured. An illustrative example is given in Table 1, where val-- 4 
oe). ues of wave run-up (R) as determined from Pie. 9 for a 1 on 2.5 slope are ff 
for a single wave train moving from deep water into shallow. The 
_ tabulations are made for arbitrarily selected water | depths for which the wave 3 

characteristics are determined. The particular wave train chosen has a height 
and period of 8 ft and 6 sec in a 10-ft water depth. In making the ollie li 
tions, Fi Fig. it were completely independent 

ie It will | be noted that, ‘in this enum anetiiaed run-up of 5.9: ft is obtained if, 
ei the wave characteristics, as measured in 10 ft of water, are used. However, bs 
‘if the designer had chosen to. determine his wave characteristics at a depth of - 
25 ft instead, he would have obtained a predicted run-up of 6.8 ft. And if he 
ait were working with deep water characteristics , he would have determined “4 

As the table shows, a different value of ru run- will 
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September, 1959, by RY. Hudson. 
— Asst. Chf., Research Div., Beach Erosion Bad,, U. S. Army Corps of Engrs., Wash-— 


be determined for each depth value for which the wave charac 
tics may be measured. _ Actually, however, \ we fe know that a wave cular shore ona 


of ‘relative depth. "Fortunately, there are > readily available methods of 
heights and lengths for any relative if the and 


elative depth. Using these tables, the author’s data for each relative depth : 
o be transformed into equivalent data for a single selected reference rela- 
tive depth. The particular relative. depth selected as reference is immaterial, | ea _ 
and one is probably as good as another. However, a deep-water-reference ee 4 
relative depth has previously been used3,4 and has some advantages since a 
_ deep water values are frequently the actual known values, and the tabulated 
ABLE 1. —RUN- UP COMPUTATIONS, 


a8 Accordingly, the author’ s run-up data for the 1 on 2. 5 slope have b been aoe 
ferredto a deep water basis = 1. 0), and | are Teplotted in Fig. 1. The 


—— stretching seems to o indicate a esaathle tendency for relative run- 
up to decrease with decreasing s steepness below a certain critical steepness’ a5 
zi _ Value—although this conclusion is largely dependent on the location of but a 

: All plotted points in this figure now refer toa single ies! depth, and a 
_ mean curve could be drawn through them. However, the scatter is still large, rie Ys: 
and a curve somewhat above the mean has been drawn. . (This cur curve is also 


plotted in Fig. 1 and 3(c), on arithmetic scales. 


Re “Wave Run-up on Shore Structures, “ by Thorndike Saville, Sr. , Proceedings, ASCE, 
by a 4 “Wave Run-up on Roughened and Permeable Slopes,” by ge, Proceedings, 
ASCE Vol. 84 4 ww + 1968, (also 1959) 


a “Gravity Waves, Tables of Functions,” by R. L. Wiegel, Council on Wave 
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Similar curves s (also re i“ a deep water relative ‘depth, (4/2 = 0) 
have been drawn for the other slopes for which the author gives dun, These 

= _ are shown as a family of ‘curves in Fig. 2. Also shown in this figure, as a 


om “matter of comparison, are similar curves for smooth slopes as derived aie 


the two ratios a constant with one being es essential- 

_ As these curves are all referred to a deep depth, the 
7 er, in using them, must compute the deep water wave steepness and height — 
from whatever design wave information he has, and use these values ‘nome 


the 1 run-up. to other r — depth could, 
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_ REFERENCE RELATIVE DEPTH 


cou course, drawn, and would be equally usable. 
must know the relative depth of reference, and 
‘characteristics for | that particular reference relative depth. This is true even — 
though this reference depth may not physically exist in the actual field loca- 
tion (as “deep water” does not for many lakes, for example). In this" | way, one 
always gets: the same run- -up computed for a given wave and structure. 
case tabulated previously, ar and using the curve shown in . 2, this 


_ 5 “Wave Run-up on Composite pe ” by Thorndike Saville Jr., Proceedings, Sixth 
Conf, on Coastal Engrg., Council on Wave Research, Engrg. Foundation, 1958, 
“Shore Protection Planning and Design,” Beach Erosion Bd., Tech, i Number 3 
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of the levee ‘quantities of to be handled, one prefers not to 
ve to make the many and repeated involved | in 


family of curves, enable interpolation directly for values referred to any other i 
reference relative depth. This has been done in ‘Fig. 3 for the 1. on 2.5 slope a 
"data. In so doing, three different basic deep water reference curves have been — 
drawn. The first of these, in Fig. 3(a) , is essentially an envelope curve; the — 
second, in ‘Fig. 3(b), is somewhat less conservative but still retains the 
straight line character used bythe author; the third is the (logarithmic) curve y. a 
a> from Fig. 1. In these figures, the abscissa (wave steepness, H/A) values for Bee 
each of the curves shown are then those applicable to the particular relative — = 
depth: (d/A) for the curve. The points on the figures are those shown in Fig. 
9 for the 1 on 2.5 slope, and s are segregated according to relive depth by the a 


vents a good estimation of the accuracy of the various carves shown. 
_ Values of run-up factor (R/H) have been determined from the curves in + 
Fig. 3(c) for the 8-ft, 6-sec wave previously used, and are also shownin © 
Table .s The values obtained for run-up are also tabulated and it may be ann ql 
that essentially identical values (approximately 6.4 ft) were obtained for all __ 
a cases, as of course was to be expected. As a matter of comparison, the run-— Bs 
‘up values which would be obtained by use of of the curves ir in Figs. 3(a) and 3(b), woe a 
a The data gathered by the author are e certainly the most extensive and a : 
_ Clusive yet obtained, and probably form the best basis presently available for 
= determining design values of wave run-up. However, these data were obtained 
in small scale laboratory tests using waves on the order of several inches in 
“a height. Accordingly, the possible existence of a scale effect must be borne in — 


mind when applying them to prototype conditions. Unpublished, large scale 


sf 
- design of Lake Okeechobee levees, have shown the existence of such vec 2 
effect for wave run-up on ‘smooth slopes. . On smooth slopes, this data indi- 


cates that actual run-up from prototype waves will be _, than that -_ 


on the exact size of Tae, prototype | waves, , being larger for eee 4 waves. ‘There’ 
‘would appear to be no reason to believe that a similar effect would not also Es me 
exist for rubble slopes. Indeed, a few large- scale tests now under way at the a a 
Beach Erosion Board would seem to indicate this, as the data is not yet ae 


is ‘in which much more knowledge and understanding ‘ are needed. Consequently, 
it is felt that , although the author’ ‘§ run-up data certainly represent the best 


ROBERT ¥. -HUDSON. _The discussions of this | paper are 
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cerning the full-scale breakwater from which Iribarren obtained the data cen. c 
to compute the coefficient (K'). The discussions by Messrs, Slichter, Booth, — ; 
and are valued ‘because they 1 the ideas of practicing -engi- 


concerning the stability of riprap cover layers for fill slopes. The stability 
cover layers for rubble breakwaters and the stability ofr riprap cover 
_ for fill slopes are closely related phenomena, especially from the standpoint — 
_ Of laboratory testing techniques and analyses. However, there is considerable a 
erence in the relative importance of the variables, and in the practical as- iz 


, Bes In each discussion, the thought was expressed that the science of rubble © 
Srey breakwater design is still in the formative stage, and that considerable work — 
; BS remains to be done before stability formulas can be relied upon for exact so- 
lutions. The writer concurs in this evaluation of the status Yet, he cannot 
‘guide lines contributed the author’s work are valuable aids, the 
Mk breakwaters must remain largely in an area dominated by sound judgment ey 


ie basedon observations of past experience.” It is believed that the observations 4 % 


a f past experience should include observations of small-scale tests as wellas 
observations of full-scale structures, and that the formulation of sound judg- 


_ ment should be based both on the relationships between variables, determined a | 


x by use of small- -scale models, and on lessons learned from observation of ES 


 full- -scale breakwaters. It is agreed, “however, that the designer cannot afford | 52 


3 to use the results of small-scale tests blindly, and that, , after all possible 
_ model | tests have been completed on rubble breakwaters, there will still | a= 
4 a a large e area in design in which use of the intuition and practical e exp 
rience of the designer will be necessary. 
Slichter doubts that there is any practical design significance in in aban- 
bat doning the Iribarren formula, in view of the small size of the armor units sg 
a = tested relative to those of a full-scale structure. _ The reasons for abandoning - 
F = iz the ‘Iribarren formula were in no way related to the effects of model scale on eo 
the accurac cy of test results. It is believed that the scale of the tests is ‘suf- 


tf breakwaters. i Mr. Jones’ discussion provides excellent but provisional ae 


q 


ficient to insure an adequate degree of dynamic similarity, model to proto- a 


type, if it can be assumed that the shape factor of the armor units, the placing — 
armor units, and the characteristics of incident wave trains, are suffici- 
ic ently similar. It is hoped that the testing programs, now in progress at the 
Corps of Engineers, U. S. Army Waterways Experiment Station and the Beach | i 
_ Erosion Board laboratory, can determine the effects of these: variables. ‘<a Pare 
those who favor | ‘original Iribarren formula (Eq. of the author’s 
pay per), the comparison of results shown in Table 1, obtained by substitution 
in the seg of Iribarren and the author, should be informative. In Table 
ua are the weights” of quarrystone armor units required for 
stability for the different slopes, assuming equal wave heights, obtained by 
oa substituting in the Iribarren and Hudson formulas, respectively. Values of 
0.015 for K' and 3. 2 for Ka were used. It is noted from this comparison that 


(a) the formulas agree for a slope ‘of 1-on-2, (b) the weights of quarrystone 


- armor units required for stability, as determined from the Iribarren formula, — vy 


are one- those obtained from: the author’ formula 
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is 1-on-3 or flatter, (c) the effects of small in pare 
for steep slopes, and (d) the weights of armor rock given by the Iribarren 5 


lected. ‘This. ‘assumption ‘is, of course, not strictly correct, but it is believed 
a sufficiently accurate for use in developing the functional equation. This belief a 


is based on several years of experience in testing small-scale rubble break- 
waters to the point of failure. It was concluded from observing these tests 


that friction between armor units can be a primary resisting force for pell- — 
a 


_ meliplaced units only when the entire cover layer is on the verge of sliding 
downslope. It was noticed that, for pellmellplaced armor units, there is con- 
_ siderable failure of individual units, by forces that lift and roll the units out 4 


sis gl their nested positions, before failure occurs by sliding of the cover- layer 
mass. This is not true, however, for the condition where armor units 


special placing techniques can be determined in tests. 
Messrs. Carvalho and Vera- Cruz indicate the following beliefs; fa 
stability o of rubble breakwaters situated in relatively , shallow water on sandy 
affected by the increased specific | gravity of the water resulting 


£ bottoms is 
from the great amounts of sand stirred up by the waves; (b) the inertia forc 
ee is important andshould be investigated; s (ec) in the analytical basis of the sta- 
_ bility equation, an effort should be made to express the vectorial character of _ 
wave forces; (d) the most adequate criterion for condition 


male is susceptible of experimental verification, i if it is assumed that w=] om 
for au flatter than 1-on- and provided that is not considered 
the 


original paper the first phase ofa comprehensive testing program, 
and it is agreed that the criterion used for the no-damage tests, and the dam- a 
e or factor are to th the type of sections 
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= in "progress (1960) ‘compare damage to the 
with the volume of armor units in the cover layer itself. 
Ei "Ete The idea expressed in item (a) is new to the writer, and it should no doubt ro 

be be investigated. It is predicted, however, that tests will showthat the stirring- __ 
+ up of sand in the water by wave action does not appreciably affect the stability — a 

i —_— of rubble breakwaters. _ The question as to whether the forces of inertia (Eq. 

3) are important, concerns a complicated ‘Phenomena, and the writer i 


the test ‘results, ‘using ‘the derived functional equation, in which the effects 3 


_ inertia forces were included in the experimental coefficient Ka, indicates that ia, 


- the assumption made is sufficiently accurate. _ Also, the work of McNown and 
a 2 concerning the relation of drag and inertia forces on flat plates 


cylindrical bodies in to indicate that the time 


result in large inertia forces. It is doubted that an express the 
} tee character of the wave forces in the functional equation would be suc- 
cessful (item c above). . The direction of the wave forces vary with d/A, H/A, 
B, 0, cot a, h/H, and t/T. Thus, it was decided to omit the direction __ 
_ variable from the general stability equation, and let the model define the — 
+e portance and the effects of its function. 1 ‘The success achieved to date in cor- 


suming that friction is important at the time = formula is derived, then a as- 


verification if it that p= =1, 


sin -* which originated from an assumption with respect to the directions of 
both forces and friction f forces. The inadequacy of this 
believed to be the primary reason that K' varies so considerably with break- | 
ae The information presented by Messrs, Slichter and Boot th, concerning the 

_ design of breakwaters in Hawaii using tribars and tetrapods, should be very 
useful to other designers. It is good to know that the test results, “obtained 
during the model study conducted at the Waterways Experiment Station to i 


(i S termine the optimum design for repairing the Nawiliwili | Harbor breakwater, © 


Wy 


_ have been partly verified by the prototype breakwater’s ability to resist the 
action of large storm waves. 
a EP This breakwater was designed, based on the model test results, to be stable | 
3 for waves as large as 24 ft in height. ‘The storm referred to by Mr. Booth was 3 
_ hurricane “Dot,” which passed directly over Kauai, the island on which the 
_ Nawiliwili breakwater is situated. Althoughan accurate estimate of the heights — 
_ of waves that attacked the breakwater is not presently available, photographs Dead: is 
_ taken before the height of the storm show considerable overtopping of the ee 
a breakwater. By comparison with similar photographs taken during the model BP), 
ames it is estimated that the waves were greater than 20 ft in in height. — ye 


bas 2 “Vortex Formation and Resistan e in Periodic Motion,” bay J. is, rs and G, H. aa 
. 85, No. EM 1, , January, 1959, joy 

4 


3 
| 
rmula is susceptible to experimental 
ae define the effects of friction. Also, — — 
— 

— 

&g 
— 

wee 
i] 

= 


not be considered as final. getty the information presented by Mr. ‘Booth 
concerning the Nawiliwili Harbor breakwater and the information presented 
Mr. Deignan® concerning the Crescent City breakwater, indicate that 
model test results be used to predict the action of prototype structures 
with very good accuracy. The large-scale tests being conducted by the Beach = 
ibe Erosion Board for the a Experiment Station, mentioned by Mr. Booth, — 


The writer agrees with Mr. Lillevang that the of 
such a way as to effect wedging action and interlocking between adjacent units ie — 
will increase the of rubble breakwaters, compared with the 


ana units cannot be obtained unless all units down to an = stro 
equal to about -H ft, referred to swl, are placed. The reason for this is 
that b aperemiatte pressure of water in the cover layer i is considerable, and is at 
TABLE 2,—EFFECTS OF ARMOR UNIT SHAPE FACTOR ON STABILITY OF 


Pell-mell | 
Pell-mell | 
Regular 
Pell-mell 


max aximum at an elevation ‘the ‘the ‘wave on the 
- structure. If the special placing of armor units is carried to the extreme, td a 
_ voids in the cover layer may be decreased sufficiently to cause failure due = 9 
_ primarily to the hydrostatic pressure of water trapped in the cover layer. 
‘The test data presented in Table 2 answers Mr. Lillevang’s request for infor- bin 


mation concerning the effects of shape factor on the stability of cover layers. 8 a 
We These data were obtained using water of considerable depth, relative to 
wave height, and for the no-overtopping condition. The results of all tests BS 
date are provisional to the extent that the effects of scale, variations in wave 
height (heights: > H1/3) in storm- -wave trains, placing techniques, 
waves, waves breaking directly on the structure, and the angle of wave attack ; 
Te ‘have not been determined. However, when waves do not break directly on the a 
ructure, and when there is no overtopping, it is believed that use of the val- 


of Kain | the Table 2 in conservative It is 
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DISCUSSION 


= ae The information presented by Mr. Jones concerning the measured value of | 
_ the friction coefficient (y) is valuable design data. The average value of p= 
0.75, determined for dumped riprap, wouldincrease the required stone weights 
‘ me nearly four times for cot a = 2, as explained by Mr. Jones, compared with the 
of 1.0 and K' =0. 015 in Iribarren’s formula. It should be realized, 
? Bo however, that the value of K' = 0.015 shouldnot be used in Iribarren’s formu- cm 
—dafor riprap cover layers. A new value of K' for riprap would need to be 
determined, using, in this determination, the new value of 0.75 for the 
be ait Mr. Saville has ‘correctly pointed out that both wave e height (H) and wave 
length (A), and thus wave steepness (H/A), depend on depth of water in which 
_ Hand A are determined, and that different values of run-up (R) are deter- tap 
mined from the author’s run-up curves, depending on just where the “wave 
characteristics are measured. However, this fact does not detract from the 
7 usefulness or accuracy of the author’ S run-up curves, as stated by Mr. Saville. | 
Pe In the paper, H was defined as the wave height measured at the location of ae 
- proposed breakwater. Thus, there should be no confusion as to which value 
= of H/A to use, because there is only one value of H/A | to a se- 


existing hindcasting and the corresponding value of for depth 
_ (d) of the selected breakwater location, is determined by constructing wave- 
_ refraction diagrams for the area between deep water and the proposed struc- 
Mf ture location. It is believed that the method of plotting the run- -up data se- 
Per lected by the author is not only correct from an analytical standpoint, but also 
; = more convenient and less confusing than the curves proposed by Mr. Saville. 
Also, the tests from which run-up data were obtained were conducted 
using water of considerable depth relative to wave varied a 
Thus, it is doubtful whether the data for the of 
ing waves, as did Mr. Saville in his example (an 8-ft wave of 6-sec perio 
will break in a water depth of about 10.5 ft). It is hoped that future tests can 
| ea opener for the condition of gradually increasing depth seaward of the 
ae _ breakwater location, using both breaking a and nonbreaking waves, , anda larger 
‘Tange of values of d/A. We are indebted to Mr. Saville for pointing out the 
ai _ possible effects of scale on wave run-up. The writer was not aware that scale es 
effects for run- -up on rubble breakwaters were appreciable. Until more data 
¥ are available concerning scale effects on wave run-up, the crowns of break- ie 
waters probably should be designed to withstand some over-topping, 
failure, whenever the run-up cur curves ‘shown in the in the are eused, 


a ae shape of armor unit used in the cover layer, can be determined withconsider- [i “re 
= 
4 
4 
4 


a 


IN NAVIGATION CANALS DUE TO Lock 
Discussion by F. F. Eacottier WET 


ASCE. —The suthor 
of canal waves and the results of the model studies carried out by him in sub- 
7 stantiation of this theory | in an excellent manner. The writer will try | to pre- - 
gent certain considerations in regard to this theory that will be helpful in the 
% understanding of the ‘waves 5 and in devising numerical solutions tc to some prob- 
Eq. 2 was obtained by “substituting the mean depth of the water 
into a formula that had been originally derived for waves ina rectangular 
‘ channel. The writer is is not prepared to say whether this, in itself, has a sig- 


ao effect on the accuracy of the formula. However, he would like to point 


ty ae which C is the velocity of propagation of the surge, Di is the initial depth, 

_ g is the acceleration of gravity, and y is the difference between the depths up- 
stream and downstream from the surge. This formula applies to negative. 
surges, however, by changing sign of the quantity y it can be made to 


imply another Spc “ the well known fact that t negative jumps 


the channel. It is, therefore, “meaningless to assign single to a 
: ‘surge unless it is a travelling jump. To avoid possible, confusion the writer Jj 
will point out that uniformly progressive waves are possible e inchannels- where | 
e s a the effect ‘of friction is significant. However, this has no bearing on the pres- 
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Ee ie of the difficulty lies in the fact that, except for travelling jumps, surges are [ian 
" 
an 


If the variables h Vv >in the derivatives o of Eq. 50: and 
by t the varighies H i and Q where le 


54 the. resulting equa 


Hel 
+ow 


“Computation of Tides and T etic 
stein and R, 4. Proceedings, ASCE, ‘Vol. 81, dune, 1965. 


tion for a — (50) — 
— weeny -sectional area, h is ime, x is distanc 
ich A is the | is the disc nesq velocity-di 
is the and ais the Bo by Einstein and 
in a Tha in eagetally the equation = 
The equation of c 
— ‘Al 
— squations — 
_N_ and then added to Eq 


is taken it is a along tk ‘path defined 


and the equation can be written in the for i, 
dx 


for t the usual assumption ti that @ N= 


) = 


As c is the Lagrangian velocity, defined by Eq. 56, and as no simplifying as- 
Fag? gt sumptions have been introduced into the foregoing derivations, it is clear that . 


U 


he varisbles Z, U U, V, have been called the impedance,” “head 


transformation,” | “flow transformation,” and “root surge impedance,” respec- 2 
tively, by Paynter and Ezekial. 7 They show these concepts to apply to ‘such "4 
verse physical pniiainn as transients in electric transmission lines, seis- 


itl “Water Hammer in Nonuniform Pipes as an Example of Wave Propagation inGrad- _- 
Media,” M Paynter and F.C, Ezekiel, ASME Vol. fi 


oo» 
— 
o 
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acoustic propagation in horns, and water hammer. _ According to Paynter and x 
Ezekiel these concepts were introduced by Evangelisti® and Sehelkunctl. 9 


it 


channels than the original ones. Furthermore, the new equations 


gree of generality as practicable and introduced no simpli 
_ fying assumptions. _ Therefore, Eqs. 59 and 62 together | with either Eqs. 60 
and 63 or Eqs. 68 and 69, are mathematically equivalent to Eqs. 50 and 61. : 


Hence , any solution which satisfies one set of equations will also satisfy the 
others. At this is assumed, in order to obtain results comparable to 


Za 


Z dQ 4 


(cw)~ 


‘(forward characteristic) 


nel Eqs. 


4 
inv which 1 ris a 


8 “Sul calcolo del colpo D’ariete nelle condotte forzate a caratteristoche 
by G. Evangelisti, L’Energia Elettrica, Vol, 16, December, 1939, 

oe “Oa Remarks Concerning Wave Propagation in Stratified Media,” by 
Symposium on the of waves, Interscience Publishers, Inc.,, New 


ii 
which applies to €rical SOLUL 
1 and Eqs. 59, 60, 61, forward racteristic) =... (71) 
gg 


‘rom Eqs. 78 : and 79, it can be inferred that r 7 v vhas a eines value along 


forward characteristic and r- a constant value along a backward 
acteristic This leads to a fairly simple and accurate solution for an upper sit 
- pool ora canal having an unlimited length and a constant width as assumed by © — 
the author, ‘However, the rather restrictive assumption of a uniform widthis 
“not essential as any uniform cross section canbe assumed. = 
In the lock-filling operation considered by the author, the quantity given oe 
_ the upstream boundary, that is, at the lock is Q. AS has a 
» ue along a backward characteristic the 


Bos Every anil on the 1 feed side of Eq. 83 is either a a constant or a function « of uy iq 
= h and it is, accordingly, possible to compute Q ~ any desired value of Sar 


gents a pool or canal at ite ¢ downstream in a ‘large pool 
 ‘tohe having a constant water level, The curve ab shows the lowering of the 
s water level in the canal at its , downstream end due to velocity head. It is ob- 
tained by plotting r the velocity 


_in which ho is the initial value of h. The curves ef and cna are re obtained by 


in which is of Q sufficient for a a 
ment to travel from the _ ‘k to the downstream end of the canal and return Se 
Ina transition or in any other nonuniform channel, the foregoing method 
cannot be used and it becomes necessary to devise a numerical solution in- 
volving either Eqs. 71 and 74 or Eqs. 76 and 77, Numerical methods that ap- . 
aa to Eqs. 71 and 74 have been devised by Schonfeld10 and described in _ _ 
tail by him. The present discussion will be confined to Eqs. 76 and 77 be- 
cause they are better adapted to the application of Picard’s method and also 3 
-becat e they will throw considerable light on the of Green’s law. 
__ _It will be assumed that the initial flow is zero and that the datum to which 
an water surface elevation and the total head are referred is the initial u un- : a ; 
disturbed water level, The initial values and Ho are, therefore, zero. In 


10 
° Propagation of Tides and Similar ‘Weves, by J.C. Schénfel 
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any desired value o Q 
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26, —APPLICATION O ERGERO 
METHOD TO UNIFORM CHANNEL 


-TIME DIA 


RAM FOR NONUNIFOR 


wit 
- 27, the three forward characteristics a abe, ee de, and the | two back- 7 
A ward characteristics bgd and che have been drawn, the flow of water into the 
— lock, Q, is given as a function t along the left-hand boundary. The area = 
the line abc represents the initial u water, | 
tion of Eqs. ‘76 and 77 the > following can be written ye 
=-, 
&y, 
(Ue - Ve) - fa 


ae 
n - Ve, n) = + 4 


which indicate | how the nth approximation is to be obtained from t the 


87, and 88 a are re negligible in val in value. in mind that 


these se equations are become 
cone pat girs Ue + Ve Vv 

which it is that 


, 
ions with the 
— 
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OD 
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s. 98 sind 99 are the desired e Paynter and Ezekial* I 


the foregoing first approximation is substituted into right hand side 


of Eqs. and 91 there are obtained the equations 


Wet) e) - (Ug + 


f, 


g, and h show the location of in Fig. 27 
the aid of Eqs. 65 and 66 the following — are from = 


seen at once that if a wave is short the paths of integration bd and c ce will al- = 
a so be short and the corrections to be applied to Green’s Law will be small. 
’ By evaluating the integrals the errors can be estimated. However, the evalu- A 
, of the integrals as a rule requires some ingenuity. Only the particular — “a 
case will be considered | here in which the height of the waves is small enough e a 
in avoperines with the depth of the water to justify the assumption that the 


‘Accordingly 70 and 7: 73 can be rewritten 


‘respectively, e constant along 
forward characteristic and + ‘be ‘constant a a backward char- 


——— acteristic. It is is now possible to rewrite Eqs. 104 and 105 as — 


~ 
(102) 
— — 
— 
| to its initia the new varia ion. 
ance € I mes possil (106) 
— 
— 
— iia 


call 

(110) 


ar with those of the author and is, therefore, not in a position to discuss their 

= relative : accuracy. He believes that the Schnyder- -Bergeron graphical method 

can be used to great advantage in ‘many problems relating to waves in canals © 
co j and other channels. The substitution of the total head for the static head in 
Bes Green’s Law results in a more accurate formula although the effect will prob- 

i _ ably be negligible in the waves studies by the author. By evaluating the in- 

‘ tegrals in Eqs. 104 and 105 or in Eqs. 109 a and 1 110 it is —— to arrive at 


= 


ces 


Ld 


again becomes approximately to the wave crests. 


DIRECTION ‘on AND OF WAVE ENERGY? 


 waveas action on littoral sands, in areas where man n interferes with nature, re 
defies accurate prediction. The author’s approach to the particular problem 
_. with which he is dealing is ingenious and may sk shed additional light on one more 
facet of the ‘complex field of coastal technology. — ‘Many factors must be taken © 
_ into consideration, however, when one attempts to predict the movement of 
— littoral material in a changed environment. The energy-vector concept, as _ 
_ presented in the paper, certainly appears to apply at Santa Barbara. ae & 
_ writer questions, however, whether this type of analysis will result in nelnsiie.... 
“solutions to similar problems elsewhere under widely varying conditions. ies sa 
‘It may be wise first to study certain analogous examples of natural shore-— 
: S _ Wherever littoral material is moved from a beach that generally p par- 
i allels the breaker crests to a downdrift segment of coast that veers sharply + ‘ 
away from the average alignment of these crests, , the mode of movement of 
littoral material seems to from a broad sluggish to a narrow 


unit length o of a farther downcoast, where ‘the shore direc- 


ously | classified as ‘cuspate forelands, spits, bay- mouth bars, v 
bile headlands, and so on. D. W. Johnson ia his treatise on coastal geology (Shore > 


Processes and ‘Shoreline Development, 1919) depicts many of these forma- 
tions, and through careful geologic analysis, traces out the history of their 
development. One of the most striking examples is that of Sandy Hook on the | 
New Jersey coast. . This is a compound recurved spit that has been developed _ 
over geologic time extending northward into Lower Bay at the mouth of the 
_ Hudson River. _ Wave characteristics in this area are difficult to analyze _* 
pe cause of complex refraction effects over the wide continental shelf of the At- _ 
Brew: coast. . The e resultant | mean direction of wave energy, however, is prob- 
ably nearly pe perpendicular to this spit than parallel to it, 
March, 1960, by Omar J. Lillevang, 
(2 Engr., Div. of Craft Harbo 
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roneclkew in thie gcaoment thic littaral etraam on helaw the water aur 
ee =—=—=sfollow the original coastline but strikes out on a new path to form sand spits re a 
of various configurations. This usually occurs where the break in the shore 
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The recurved end of Sandy on the other hand, does tend to follow the 
resultant mean direction of wave energy, although the tip probably hooks back 

beyond this alignment. This and other examples in nature indicate that 

spit will not always extend continuously ina given | direction but 

back toward shallow water if the original bottom becomes deeper in the initial © a 
direction of spit extension, It is probable that the rate of supply of littoral 
material to ¢ an ‘open-end apit may have a considerable effect on the alignment — 

that it takes. A large rate of drift s seems to cause the spit to extend, roughly, — 

: "perpendicular to the mean direction of wave energy for a considerable dis- 


| tance into deep water before it begins to curve back toward shore. SOS ie 
_ When littoral material first begins to pass around the end of a beaker, 
wang offshore contours areusually inabout the same position as theywereprior 
to breakwater construction. As the shoal begins to form, however, the depth ‘ bt 
contours seaward of both the breakwater and the shoal tend to move seaward. _ 
The rate of movement of these contours is probably considerably slower than 
the rate of extension of the shoal, especially as it approaches shallow water. 
A high rate of ‘supply, | on the other hand, _ could cause a more rapid build-up a ae 
the offshore ccntours with a resultant change in the refraction characteristics a 
that affect the approaching waves. It would tend to force the shoal alignment — Be 
seaward and thus make it more nearly parallel to the wave crests. The — ate 
variety of shapes | that occur in natural sand spits tends to confirm this -sup- Pe as a 
position. This may be an important factor that has been discounted in the a a 
thor’s analysis of the problem. It is possible that the observed extension a cud 
the Santa Barbara shoal in the mean direction of wave energy is merely a cO- 
incidence and that the Oceanside shoal will behave differently. At Oceanside, a 
however, the net annual rate of drift is relatively small and the depth at ia 
end of the breakwater relatively shallow, so that extension of the shoal direct- 
ly toward shore is the more probable ‘pewult. 3) 
_ It is recognized that most natural sand spits have been formed over a con ee ce 
siderable period of time during which the offshore contours have been modi-— il 
fied to conform 
period. Most shoals formed behind artificial structures, on the other pot 
_have had meagre short lives in comparison to those occurring in nature. 


Pe 


prior to ‘the of build- -out ‘depicted in Fig. 5 of the paper. “Under 


of. coincidence ‘of shoaling direction with mean of wave energy, 
s long as the tip shoal is removed at frequent a the — -vector 


Sra 


seat before it reaches the harbor euktenite and transfer it to the downdrift + 
shore beyond the wave shadow of the harbor structures. The two instances 
cited, , however, may indicate a new trend in littoral drift by-passing proce- — 
dure, especially in cases where | the breakwater is built as an extension of a 
headland to protect the bay area formed by a reentrant segment of the shore- — 


described in this paper. Meanwhile, such factors as bottom depths in the al 


— 
| 
ber 
“4 
ae 
— 
— 
| 
* 
— 
| 
— 
— 
transport of littoral material along the particular segment of shore invo ved, 
2 | and perhaps other parameters, as wea as mean direction of _ energy, iia 


_ tion. If continued | evidence of shoal formation in the mean direction of ve i 

energy proves the author’s _ hypothesis to be correct, even when the above-_ 
mentioned parameters vary significantly from those ‘applicable to the Santa 

Barbara site, the method of analysis presented in this paper will be awelcome 


_ addition to man’s AR of shore processes as res toc coastal en- 


the littoral drift based on actual wave data have come from 
ie California, Mr. Lillevang’s is the latest one and presents one more attempt 
oe to secure a useful result. The approach must, for understandable ‘reasons, 
_ be of semi-theoretical or “halfway” empirical nature in as much as the basic — 
4 elements are not ‘understood. Earlier California attempts include the 
3 “Los Angeles formula” by the U. S. Army Corps of Engineers, Los Angeles, 4 
a the first robust effort based on actual quantities of material; Munch- Peterson 
philosophical theory based on wind data only | (Iv. Hydrologische Konferenz, 
Leningrad, 1933); Bruun’ s coastal morphological approach based on actual 


nature based on actual shorelines by Larras 


harbors coast. “Their is ‘measured by ‘the | extent to. 
which these field data are reliable and rightly interpreted. 
Lillevang’s says that he “concluded that absence of experimental or 
me % _ observational verification of the Q factor for littoral drift computation (using © 
; se the Los Angeles formula) did not eliminate it as a useful tool if its empirical — ‘ 
ss parts wholly or nearly disappear by cancellation. ” The cancellation proce- F 
ie Lie Fe dure itself can be discussed and as Mr. Lillevang says" in his conclusion, “the | 
‘mean effective wave energy direction concept and its applications to practical | 
‘anes design problems are not pure, in the scientific and mathematical ~ 
sense, ” The “resultant wave energy” or “direction of wave energy,” the dis- 
cussions concerning the proper ratio between downcoast and upcoast annual 
littoral drift quantities, and concerning the adding of the southern swell rela- sas 
; x tive wave energy vector from the adopted 60:40 (ratio) computation to the — 
a = wave energy diagram | could all give rise to some suspicion (or even some “4 
vere criticism in as much as wave energy does not have any direction at all). 
ria However, Mr. Lillevang would probably ask what would be supplied in its Bes 
a ‘stead, or what is better? The answer must honestly t be, not yet. However, we 
shout have something better and probably ‘now is thetime when we should a 
low the advice given in Mr. Lillevang’s conclusion: “Try to look deeper into 
the problem from a physics point of view.” 
It has” already been said that energy (or “work) has ‘no “direction.” Yet 
“_ anaes drift must have something t to do with energy or to its related longshore 
“flux.” The relation, however, is not intimate. Going deeper into the physical 
“problem, we must consider the important « elements of the forces exerted on 
= the bottom by the to motion and the current, The 


3 Head, Coastal Engrg. Lab., Univ. of Florida, Fila. 
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which the curre 
a, a ‘proach should probably then be to relate these wave induced forces to the . 
pit terial transport. Many attempts have been made to describe material = 
port in rivers by shear stresses between the flow and the bottom ( Einstein’ 
approach of earlier date, Kalinske’ s, _Meyer- Peter’s and Shield’s). 
| now know that the problem is not simple, but, on the other hand, the 
shear stress is involved (or the problem can at least to some extent be aaa 
scribed by shear stress) in a more complex way. Perhaps we could start or 
_ seashores as we started in rivers by considering the shear stress as a perti- — 
nent factor, It is certain indication that shear stress has something to do with | ee. 
- the actual configuration and stability of the bottom profile.‘ 4 It is natural a 
- take the next step relating the stability of the bottom to the stirring- -up (shav- 
ing away) of material. First, cut loose the longshore currents (Putnam, a 
Munk and Trayler, 1949) give the “material flux” T in 1 which v is the 


attempt has not yet made because it will require a large equip- 
_ment set-up. It seems | to the writer that the first step must be a further clar-— ry 
ification of the configuration of the bottom profile in relation to the forces ex- 
_erted upon it. These forces will vary with depth, wave, and material charac- 
teristics. , At one depth, bottom may be stable with T = 0.2 kg/m2 and at an- 
A other depth, it is stable with T = T = 0,5 kg per sqm. (as: at tidal inlets in | alluvial 
; material). The stability shear stress depends upon the littoral drift trans- 


"port itself, and its bed load as well a as its suspended load and actual — 


we should go ahead with the adoption of a “ shear-stress-times- Sani Po 
approach in the preliminary stage” of further attempts at _develop- 
“he The above remarks were made upon the suggestion of Mr. -Lillevang whose 
concentrated efforts” deserve much respect because of his attempts to find e : 


answer to a p: problem we face today, and seine s problems : are important. i 


; M. JORDAAN JR.5—In his conclusions, the author has invited evaluation 
nd extension of his writer feels, , therefore, to 


a rent generated by the angularity of approach in deep water governs the trans- + 
_ port of suspended sand in the breaker zone. The relative magnitude of the two. ee 
zones of transport would be amenable | to model analysis. ‘The writer 

that: WwW sin2 I would be more correct than WwW sin I cos I of the paper. Seer i. 


5 Head, Hydr. ‘Sect,, Natl. “Mech, Engrg. Research Inst., S.A. cil for ‘Scientific 
and Industrial Research, Pretoria, South Africa, 
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. Atrue picture of the three dimensional distribu ant 
the author’s concepts. P xtensive model tests, but the fol- : 
— be obtainable only with extensive model tests, but eats — 
lowing approach may help hat wave direction is readily photogr aphed 
| pos __ when the sun is at a low angle and any desi y using shore based cam- aacs ae 
— fa asily collected by this means, either by using shore b c— ae 
“te 
— — 


DISCUSSION nae 
Evaluation of the strengthof the kingshore may approached from 
two points of view, depending on whether the current is flowing like a river 
Se - along a straight unobstructed shoreline (true for definite angularities of wave 
approach) or is building up from null points following rip currents. ‘The lat-— 
ter is the likely condition where the angularity of approach is ‘negligible and 
_ Approach 1: Uniform Longshore Current. alm tractive force F sino eal 
unit length alongshore acts on the longshore current which is confined largely — 
a 1 and immediately outside the breaker zone. Treating the longshore cur-_ 
rent as a river with uniform slope sin i, then 


4 
Since the total wave power per unit length is given is 


“equal to a Sores times a velocity (the wave celerity), the total force due to the 
at 


(8) 


acting in the direction of wave approach. The of t he along- 


Shore is ad times sin @, hence by | substitution 


tained by usual formulae, “such 2 as Mannings’, the 


rate as h_ where h is the depth where shallowing effects begin to occur i.e. a 
= _&!° | where T is the wave period. |The ‘breadth would be the cor- 
in responding width. ‘It may be to take ‘the radius. as 
ce. equal to the depth at breaking, equal to 1.5 times the deep water wave height. 
Approach 2: Developing Longshore Current. —The energy per foot width of 
the waves is + pg H* ‘per wave, the power dissipated on the shore is then 
H2 C cos2 @ and the power generating the longshore current is g He 


sin? ¢ a, the two to the total power: 


celeration, H denotes the wave height, trough to crest, C is the wave rely, 3 
@ denotes the angle of “approach of waves made with the 
he <a _ The non- dissipative portion of the power, acting tangentially o on scala 


pg c @ 


d 
— 
— 
A and velocity V, given by mon 
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the zone, the further increase of the velocity ‘with 
distance is slight and Approach 1 becomes more applicable. 


These considerations apply to the mean longshore current v water 


~ suspension in the current in the breaker zone. With regard to the latter por- 4 
_ tion, the amount of sand transported due to eealinie is proportional to the 
current strength and the concentration of sand in the breakers, which is re- 
_ lated to the ratio of particle fall velocity to “ The latter 


studies. distribution of sand transport with distance from shore 


could be determined by compartmented samplers in a idealized three-_ 
dimensional model. It would appear from | cursory observations that the 1 na 
‘terial distribution follows the water mean velocity longshore distribution, in 
words a “semi Gaussian” distribution with a maximum ny 
and zero just outside zone. 


|| 
— 
iia 
j 


ar 


“Civii Bngineering® Beginning 
the'Warious Teghnica! Divifions. To 
are fSllowed by @ 


SEPTEMBER: 141 (C02), 2142(C02), 2143(C02), 23 

Y9), 2 2151(0R3), 262(STT)S, 

216 EWS), 217D(Wwa), 9), 217408 WE) BITS( wows), 

EM4), 2196(EM4), 

PL3), 2304(PL3); 2705 

@(SM5), 2259(EM5), 2214 
S22STS), 
2230( EMM), 2231 


E 


SCEMBER: 2277/Gp2), 227 
(HWA), Wa), 22m 2252(1R4), 
8288/06), 2200(P06), 2291( POS), 2292 
229 4), 2299; 2300(ww4), 2 
2306(C 92), 2308 (EP2), 2308(ST10), 2309(C P2), 231 211 
2319(H¥12), 2°1'7(HY 12), 2319(SM6), 


(SA2), 241 3(WW2), 
2420¢ 2421, WWI}, 

FOL: 


2472(SA3), ), 2478 
2482(C02), Y5), 

2603 POs), Wwe), 360 ), 252 

2 


2556(3A4} 

2565( EMA}, 2066(STS), 2867( 2568(PO4), p04), 
2579( 2574( 2575(EM4), 2576(BM4), 2577 (va), 2578( RMR), 2579! POs), 2580 
(EMA), 2581(87B), 2582(STS), 2564(PD4)¢, 2586 ( yale, 


CP), Gonstrsction (CO), Engiaeeriig Mechanics (EM), ie 
— and Drainage @R), Pigeline | (PO), 8 
pions. “Pape es sponsored by the Departa SPhropriate is 
hols (PE). For. Hes ad ofder refer Journals: 
{ourtnad Which the pater ed, For exampie, Pape 
— 
— — 
— 
— = 
2O(SM6), 292118710), 2322 
— 
iii 


DANIE 

CHARLES 

WAYNE 13.50" 

FRED Hi, RHODER. 


HAROLD T. 


VOLUME 86 


AMERICAN 
‘SOCIETY OF 


_ OF THE F THE WATERWAYS A AND ‘HARB 


OFTHE: 
OF 
— 
| INERS 


DIVISION ACTIVITIES 


“WarERWAYS A AND HARBORS 
Proceedings of the the’: ican 1 Society of Civil Engineers 


September, 1960 
CHANGES 1 IN  COETTEE MEMBERSHI 


Maurice L 


i and Stabilization of Rivers by Open “Channel Work. Dr. Albertson will fill the 


vacancy on the Committee resulting from the retirement of Dr. Lorenz G. oat 
Straub, ‘Director of St. Anthony Falls Hydraulic a 


UNIVERSITY OF CALIFORNIA WATER RESOURCES ARCHIVES 


; irrigation; 
and problems; water rights; and water projects. The 
on material relating to the State of California. §g.- 
? ve, Besides actually acquiring material, the Archives is interested in aad 
nd making biographical listings of important collections which remain in 


log will thus be developed for the use of researchers, describing and nl 


location of existing unique hydrologic data in the State. 


‘ee Archives relies upon the cooperation of interested individuals and ee 
for augmenting its collection. _ Engineers’ reports and studies (unpublished © Sea 
‘materials, manuscripts, etc. agency reports, pamphlets, hearings, legisla- 


1960-31 is part of copyrighted the Waterways: and Harbors 
Division, American can Society of of Civil Vol, 86, No. WW 3, 
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— ion, Colorado 
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4 is gathering materials and data ter as a natural resource and 
— _ Campus ill include all aspects of water: wa — | 
— 
— 
— 
— 
rtaining to water: all are being — 
lude both current materi inent in the water resou 
entire collections used in the Archives: among these impor 
ae — 


Seven reports ha 

them available to the interested public ; 

1. The ‘Etcheverry Collection in Water Resources Archives (June, 1958). 


Theses | on Engineering, Social and of Water 


Publications and Reports of Charles Gilman iy 


. Water Pollution Data, eae Water Pollution Control Boards, State 


| 
6. ‘Bachelor of Science Wate 


Engineering, 
of California, Berkeley (Aug., 1959). 
: oe Theses’ on Water Resources, Stanford University, California Institute 


of Technology, and University of Southern California (Aug., 1959). 


4 % ‘The / Archives serves researchers | in the University community as well as 
£ _ the interested public. f The activity is under the direction of Professor J. W. 


The ‘mailing address of the Archives is: Water Resources Center 
Room 5, Mechanics Building, University of California, Berkeley 4, California. va 


‘The Division Committee on Stabilization of Rivers by Open 
Channel Work has formed two new task committees covering the subjects oe 
channel stabilization works and maintenance of navigable waterways. Me 

a: Task ‘Committee on Channel Stabilization Works nas compl i 


Supervising Civil Engineer - 
Lower Mississippi Valley Divisi 
Army, Corps of Engineers 


Vicksburg, Mississippi 


nid 2 . Escoffi Hydraulic ‘Engineer 
U. S. Army Engineer District, Mobile, Alabama 
Oliver A. Johnson, Supervising Hydraulic Engine 
: Ss. Division, North Pacific 


B. Research Engineer 
5 Civil Engineering Department 


gift collections are those of Frank Adams, Bernard A. 
Gilman Hyde and Baldwin M. Woods. 
— 
4 — 
— 
sity 
— 
iim 
— imi 
— International Boundary and Water Commission 
— ot — 
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é The purpose of the Task Committee c on Channel Stabilization Works is to o 


_ poses to present its first papers on the subject at the Phoenix Convention in 


‘Lower Mississippi Valley Division, Corps of Engineers, U. S. Army, has ac. 
_ cepted the assignment « of Chairman of the Task Committee on Maintenance of _— 
Waterways. The Task Committee’ purpose is to investigate 


ons truetion and operation of eapeeny: structures to prevent shoal 


Exceptional sessions have been arranged by the Waterways and Harbors 

‘Division for presentation as" as part of the Boston Convention of the Society. _ ae ra 

This program deserves attention and attendance - While the full program for “Wee ; 

L ENGI- 
_ NEERING, the division’s sessions are shown here: AS 


E A Symposium on Hurricane Protection 


a Hurricane Barrier in The East of Bay - - 
of R. I., Hurricane Protection Project Martin 
_ Narragansett Bay Studies of Salinity, Temperature and Flushing, and E 
_ fects of Proposed Hurricane Barriers - J. -Vanderhoeff and Harry 


ow Beach Fills - - ‘Harry Ferdikie 


Corrosion of Steel Piles in Salt Water - Mr. Ayres 
Deterioration of Concrete Used for Wharf Construction 
to Timber Used for Wharf Construction Shu- -T’ien 


ization of Rivers by = Channel Work 


of Hudson from New York Dist., 


4 
— 
rts 
e r 1 eq in onvention a 
— paper, each to 
in ASCE Journal with the objective . The Committee plans to 
published in e profession in this special field. Committe P 
and practice of the profession - during the latter nart of Sentembher and nro 
hold itc firct committees mesting 
andc 
Mee 
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Slopes of Equilibrium Bea — 
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of Ice - Rene Dupuis 


“ee Alternate: Chesapeake and Delaware Canal - 


Ra Tour of Boston Harbor Fac ities 


Conducted both Wednesday, and Thursday, October 13,1 by boat 


ASCE, Boston ‘Convention : 


“April 10- 15, ‘1961 4 
October 16-20, 1961 ASCE, New York 
February, 1962 ASCE, Houston Convention 
May, 1962 ASCE, Omaha Convention 
Detroit Convention 


tory lists } the entire membership of the Society, | giving the ‘membership grade, 4 
position, and mailing address of each. In addition, there is a . complete listing 
of the Honorary Members, past and present, and the Life replat useful a 
listing ¢ of the members i also included. 


below. Prompt delivery depends on prompt return of the ekg 
i The Society publishes the membership Directory every other _ 


ASCE members are ‘entitled to receive, free of charge, the 1960 ASCE 


American Society of Civil Engineers, 33 West. 39th Street, New York 18, 
_ Please make = mailing label legible — —correct delivery depends on you. 
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CHANGE IN 


quarterly publication. schedule for ‘the of the and 
: ‘Harbors Division is to be changed to the months of February, May, August, 


A 
x Boe and November. In the transition period from the ftw schedule, the Jour- 
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"Austin E. Brant, 4 
i Editor, Waterways and Harbors Division 
Tippetts - “Abbett - 


Park Avenue 


N SCHEDULE FOR DIVISION JOURNAL 
| : 
& 


